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ABSTRACT 


Significant economic and technical data on the current 
front junction formation processes of Spectrolab's gaseous 
diffusion, and of involving the Varian-Extrion 200-1000 implanter 
were tabulated, and were used to judge the feasibility of '' 
diffusion propos als by Motorola and RCA and ion implantation 
proposals by Lockheed, Motorola, RCA, and Spire to meet future 
LSA-JPL guidelines. Cost calculations, consistent with the 
SAMICS methodology, were performed for the junction formation 
processes studied. 
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INTRODUCTION 


The manufacturing methods for photovoltaic solar 
energy utilization systems consist, in complete generality, 
of a sequence of individual processes. This process' sequence 
has been, for convenience, logically segmented into five 
major "work areas": Reduction and purification of the semi- 

conductor material, sheet or film generation, device genera- 
tion, module assembly and encapsulation, and system completion, 
including installation of the array and the other STObsystems. 

For silicon solar arrays, each work area has been divided into 
10 generalized "processes" in which certain required modifica- 
tions of the work-in-process are performed. In general, more 
than one method is known by which such modifications can be 
carried out. The various methods for each individual pro- 
cess' are identified as proces "options". This system of pro- 
cesses and' options forms a two-dimensional array, which is 
here called the "process matrix" . 

In the search to achieve improved process sequences for 
producing silicon solar cell modules, numerous options have 
been proposed and/or developed, and will still be proposed 
and developed in the future.’ It is' a near necessity to be 
able to evaluate such proposals for the technical merits 
relative to other known approaches , for their economic benefits , 
and for other techno-economic attributes such as energy con- 
sumption, generation and disposal of waste by-products, etc. 

Such evaluations have to be as objective as possible in light 
of the available information, or the lack thereof, and have 
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to be periodically updated as development progresses and 
new information becomes available . Since each individual 
process option has to fit into a process sequence, technical 
.interfaces -between consecutive -processes must be compatible. ’ 

This places emphasis on the specifications for the work-in- 
process entering' into and emanating from a particular process 
option . 

The objective of this project is to accumulate the necessary 
information as input for such evaluations, to develop appropriate 
methodologies for the performance of such techno-economic 
analyses, and to perform such evaluations at various levels. 

The first application of this developing methodology was 
made to the Czochralski ' s crystal pulling process. 

Previously, the reduction of quartzite to metallurgical 
grade silicon was examined, and comparative evaluations of 
competing Czochralski techniques for growing single crystal, 
cylindrical ingots, and of slicing, processes to produce 
single crystal, silicon wafers were perfromed. The next "work area" 
for producing solar arrays is the fabrication of the silicon 
wafers to solar cells. This process involves many steps with 
one of them being front junction formation. One of the major 
current junction forming processes, gaseous diffusion, was- 
examined. In addition, future proposals, which include modi- 
fying gaseous diffusion and using ion implantation, to decrease 
the cost of junction formation, in order to meet future 
LSA-JPL price goals, were studied. 

• As, with our crystal growing and slicing studies the 
evaluations were started with the current methods of gaseous 
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diffusion, and ion implantation for which a large amount of 
the needed information is available. Nevertheless, substan- 
tial gaps or uncertainties were found in important information 
required for both technical and economical evaluation of the 
currently practiced processes. In proceeding to the evaluation 
of processes which are still in the developmental or even con- 
ceptual stage, the gaps in needed information become very 
large. in these cases, it is necessary to fill the gaps 
more extensively with estimates based on extrapolations or 
analogies. Such estimates always leave some doubt on the 
accuracy of the evaluations , and it will be necessary to also 
make "probable error" estimates to reduce decision mistakes 
based on early evaluations. Nevertheless, collecting the in- 
formation and carrying our evaluations at the earliest possible 
time provides not only a planning tool, but also aids in 
uncovering the deciding attributes about which information 
ought to be obtained at an early stage of the development 
process . 

For the gaseous diffusion process, we have tabulated 
production experience data .from Spectrolab and pro- 
jections made by Motorola and RCA. In. our studies of 

of ion implantation of'. PN junctions , experimental data from 
( 4 ) 

Spire ' using a modified Varian-Extrion machine along with 
material, labor, and capital projections made by Lockheed , 
Motorola,^ and Spire^^^ for their proposed machines were 
examined. 


3 



A, Principals and Application of Ion Implantation 


Ion implantation is a method for introducing dopant 
material below the semiconductor surface to form PN or 
high/low junctions. In the common type of ion implantation 
machine, the source -material, usually a chemical compound 
containing the dopant, is broken down and ionized under 
electron bombardment in the ionization chamber, the ions 
are extracted from this chamber by an electric field and 
further accelerated and collimated, purified using a- mass 
spectrometer, and then scanned either electrically, 
magnetically , or- mechanically while impinging on the semi- 
conductor wafer to be implanted. The top portion of 
Figure 1 shows a schematic presentation of such an ion 
imp-lanter with a magnetic analyzer. In simpler machines, 
as shown in the bottom part of Figure 1, functions such 
as beam collimation, mass analysis, or scanning may be omitted. 

In the machine shown in the top part of Figure 1, the 
source material can be ionized in a number of ways, 

the principal ones of which are: heating and electron 
bombardment of -the source material from a high temperature 
emitter, called the”hot cathode source"; electron dis- 
charge from a low work function emitter, such as barium, 
under the influence of a strong electric field, into 
the vaporized source material to form a plasma, (cold 
cathode source); or by microwave discharge. In any of 
the mentioned sources, a magnetic- field can be applied 
to concentrate the plasma density and increase the 
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PRINCIPLES OF ION IMPLANTER DESIGN 


FIGURE 1 



efficiency of ionization. This will also result, 
though, in lower source lifetime and a larger energy 
spread of the ions. 

Three principal types of hot cathode ion sources 
are used in the implanters mentioned in this report. 

In all, the current density from a metal surface at 
temperature T with a work function of f is principally 
described by; 


j 


e 




( 2 . 1 ) 


However, at adequately high emission rates, the current 
density is usually reduced below the value given by 
Eq. (2.1) because of space-charge effects, in which the 
mutual repulsion of the electrons crowding the space near 
the filament inhibits further emission. The electron density 
then becomes; 


y2/3 

9ird^ (m/2e)^/^ 


( 2 . 2 ) 


where V is the voltage between the cathode and anode, d is the 
thickness of the electron sheath and m/e is the electron's mass 
to charge ratio. The production of positive ions in the source 
chamber tends to neutralize this "electron cloud" and reduce 
the space charge effects . The cathode current thus increases 
in the presence of positive ions. 

In the "Freeman source " , the heated wire cathode has its 
terminals on opposite sides of the "extraction gap" through 
which the ions leave. In the "Chavet source", the filament wire 
is looped so that its electrodes are on the same side of 
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the extraction gap. The Chavet filament configuration was 
designed to increase the filament's lifetime by decreasing 
its exposure to the back-streaming ions and thus reduce the 
sputtering caused by them. Another thermionic source is the 

hollow cathode in which the interior of a cylindrical 
cavity is coated with a low work function material, such as 
barium oxide. Upon introduction of the vaporized source 
material, an arc discharge takes place between the cathode 
and anode so that the source material is ionized. As a result 
of applied high voltage, the ions are extracted through 
a hole in the cathode. Vaporized atoms also pass through this 
aperture. They are subsequently ionized by the accelerated 
electrons. One configuration of a cold cathode source known 
as the "Penning source", has an anode that is also cylindri- 
cal in shape with the end plates forming the cathode. In 
addition, a magnetic field is applied parallel to the cylindri- 
cal axis of the "Penning source" to force electrons from the 
cathode to form helical trajectories, thus increasing their 
path length and enhancing the ionization efficiency. 

After the ion beam is extracted from the spurce chamber, 
it is accelerated through a potential drop. For small 
acceleration energies (<30 keV) , a single gap electrode 
could be used. The accelerated ion beam is then subjected 
to a magnetic field for mass separation. A singly charged 
ion of atomic mass M (AMU's) moving through a magnetic field 
with strength B (in gauss) will be deflected into a circililar 
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path with the • radius of curvature equal to 


R = 


143. 95 
B 


cm. 


(2.3) 


where V is the acceleration volt age. The dispersion between 
ions of two different masses is 

D-, = R cm . (2.4) 

M M 

In order to achieve good mass resolution, power supplies 
to the acceleration and magnet regions must have stabilities 
of 1 part in 10,000. 

To form the junction, the analyzed beam is then 
scanned, with one of the techniques mentioned previously, 
on the silicon substrate. Overscanning is necessary be- 
cause of the tails in the Gaussion distribution of the 
ion concentration in the beam. 

Junction formation using ion implantation offers 
several potential advantages over the diffusion process. It is 
a dry, vacuum process, thus avoiding potential con- 
tamination from impurities contained in spin-on or gaseous 
vehicles for the dopants used in some varieties of the 
diffusion process. Where selective introduction of the 
dopant is wanted, this may be accomplished without application 
of masking and subsequent stripping, and without back-surface 
etching because of double-sided impurity penetrations. 

Thus , ion implantation can involve fewer handling or 
transferring operations than the diffusion process, and 
consequently can result in labor savings and increased 
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yields. However, ion implantation requires an annealing 

step, which will be further discussed later on. It has 

( 8 ) 

been suggested to use ion implantation as an integral 

part of a total vacuum process sequence for fabricating 
solar cell^ after wafer or sheet generation. Such a sequence, 
although high in capital costs, could result in labor savings 
and high yields. 

The charge on the dopant ions qllows for mass-spectro- 
scopic separation using magnetic fields, and for accurate 
p:\easurement of the ion flux entering the deposition region, 
as long as' neutral and doubly charged particles are handled 
correctly . The ion' beam currents can be readily measured 

by placing a Faraday cup in the beam’s path, but this requires 
» ' ' 

a preceding calibration to determine the' fraction of uncharged 
and doubly charged ions. The mass analysis and ion current 
measurement features of the ion implantation process can pro- 
vide better control over the quantity and quality of the 
-dopant than other processes, and can therefore be applied 

to obtain fetter process uniformity and repeatability. Dose 

' ’ ■ (9) 

uniformities of + 5% (2a) are achievable 

Since ion implantation can be performed at or near 

room temperature, low energy implantations can result in 

original dopant penetration of 3.ess than lOOA, shallower 

than can be achieved in most high temperature source deposition 

steps in the diffusion process. 

Upon entering the substrate, the dominant interactions 

pf the ion are with the electrons of the lattice, which 

slo’^ the ion down through kinetic energy transfer. After 
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this initial slow-down to sufficiently low energies, i.e.,, 
ion velocity less than Z^e /!i, collisions of the ion take 
place with the nuclei which completely stop the ion. In 
most -cases, the stopped ion rests' interstia-ll-y i-n the 
crystal lattice. The largest impurity concentration is 
thus found at a penetration distance, "x " , from the 
surface. As a first approximation in the region where 
nuclear collisions dominate, the penetration depth is 
proportional to the square root of the ion beam energy. 
This penetration depth is described by: i 


0.7 + Z si^^^) 


M + M . 
I Si 


"i"si 


Ej is the energy of the ion beam in eV, Z and M refer to 
the atomic number and atomic weight, respectively, while 
the subscripts I and Si refer to the ion and to Si, re- 
spectively. The concentration varies from the penetration 
distance approximately according to a Gaussian distribution 
and the impurity distribution can be described by the 
empirical relationship. 


C(x) = C exp (-(x-x^) ^/2 

Jr p K 

Cp is the concentration at the penetration distance, and 
is called the standard deviation of the concentration 
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function, or the distance from x ^t which the concentra- 
tion is equal to C„//e7 The peak concentration depends 

• hr ' 

upon the ion beam current (i); and the. implantation time (t) 
or 


lO^^i - t 


Cp = 


cm 


-2 


4 a 


R 


( 2 . 7 ) 


The unit of i is itiA., that of t is seconds, and cf^ is 
i-s given in ym. 

The penetration distance can be calculated from 

electron and nuclear ionic collisions only if "'channeling" 
does not occur. Channeling is the name given to the con- 
siderably enhanced penetration distance of ions which are 
aligned in low index crystallographic directions, and 
therefore travel parallel to and in between high atomic density 
crystal planes. Since ions travelling this path experience 
relatively fewer collisions with silicon atoms, they can travel 
further into the silicon. To avoid channeling, the beam must 
be oriented at a' slight angle from the orientation of 

the low index crystallographic axes. This increases the 
apparent distribution of atoms in the crystal plane 
normal to the ion beam's path, and thus increases the pro- 
bability of ion-nucleur collisions. 

The implantation process results in the displacement of 
the silicon atoms from their normal lattice sites by the ion 
collisions, thuS' creating' "vacancies" and "interstitials". 

The implanted impurity atoms, predominately located at intersti- 
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tial sites, and are not electrically active. Thus few 
impurity atoms which take up substitutional positions, 
tend to compensate the originally present irnpurity atoms 
of opposite dopant type, and thus to shift the Permi 
level of the silicon towards the center of the energy gap. 
Annealing of the ion implanted wafers is thus required 
both to reduce the mentioned crystal structure damage re- 
sulting from the implantation process, some of which is 
electrically active (recombination and trapping centers) , 
and to electrically "activate" the dopant impurity by 
moving its implanted atoms from interstitial to substitu- 
tional sites. 

Even though thermal annealing broadens the impurity 

profile as far or more than obtained by use of relatively 

low temperature, short time diffusion as used for solar 

cell production, it is the only annealing process reported 

so far that produces ion implanted cells with efficiencies 

equivalent to those prepared using diffusion. A thermal 

annealing cycle of Ih at 450°C and 0.5h at 850°C has been 

found to result in performance-wise competitive silicon 
( 10 ) 

solar cells. This, in part, negates the potential 

advantage of ion implantation, which exists in being able 
to control the dopant profile at will by changing the 
implantation energy and dosage together. Such "designed 
profiles" could lead to higher efficiency solar cells. 

Electron and laser beam annealing have therefore been and 
are being investigated because of this as well as several other 
anticipated advantages. These have, however, so far not 
been realized, and cells with efficiencies comparable to 


12 



those obtained by the oven annealing process have so 
far not been reported. If a suitable annealing process 
could be found that would limit the junction movement of 
ion implanted cells and simultaneously provide good 
impurity activation and healing of implantation-induced 
crystal damage, so that ion implanted solar cells might 
attain higher efficiencies than cells prepared by diffu- 
sion processes, then ion implantation would become a most 
interesting process option, even at a possibly somewhat 
higher process cost than diffusion. 

With an efficiency advantage of the ion implanted 
solar cells not yet achieved over the diffusion produced 
cells, the potential application of ion implantation, as 
part of a LSA solar cell sequence will be primarily deter- 
mined by the degree of cost reductions that can ultimately 
be attained. Currently, the high capital costs, the low 
reliability, and the low throughput rate of ion implanta- 
tion machines, make junction formation with them too costly 
to be used for large scale solar cell production. Large 
cost reductions are, however, expected to be accomplished 
in the future. (1986) by several approaches. Approaches 
to this end include the introduction of large throughput 
machines with high, current, hot cathode ion beam sources 
incorporating ah analyzer and more automated operation 
through computer control ^ ^ , and the development of ion 
implanters with unanalyzed or roughly analyzed ion beams 
using hollow cathode sources . Some current and future 
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applications of ion implantation are listed in Table I 
along with the conditions contingent to the two potential 
advantages of lower cost and higher efficiency. 
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EVALUATION OF ION IMPLANTATION 
FOR LSA PRODUCTION 


PRINCIPAL 


APPLICATION 

STATUS 

ALTERNATE PROCESSES 

PN JUNCTION FORMATION 

PROVEN; PERFORMANCE 

DIFFUSION 


EQUAL DIFF'D JCTN. 

CVD/ EPI ' 

BSF OR BACK HI/LO JCTN. 

CONCEPTUAL 

THICK FlU-l/ALLOYING 
DIFFUSION; CVD/ EPI 

FSF OR FRONT HI/LO JCTN. 

-EFFECTIVENESS NOT 

DIFUSSION 

1 


YET PROVEN 

CVD/EPI 

CONTACT flETALLIZATION 

CONCEPTUAL 

' THICK FILM 
ELECTROLESS PlATING 
VACUUM EVAPORn^ 



SPUTTERING 


ION IMPLANTATION FOR pn-JUNCTION FORMATION 

CONCEIVED 

ADVANTAGES • CONDITIONS ^STATUS 


LONER COST 


HIGHER CELL PER- 
FORMANCE THAN 
ACHIEVABLE BY 
ALTERNATE PRO- 
CESSES 


LIKELY ONLY IN SEQUENCE 
WITH OTHER VACUUM PRO- 
CESSES 

DEPENDS ON SUPERIOR 
IMPURITY PROFILE. 

FEWER CRYSTAL DEFECTS 


TECHNOLOGY ADVANCEMET'ITS 
REQUIRED. 


STILL TO BE DEMON- 
STRATED 


Table I 



B . Appraisal o£ Present-day Ion Implanters 

Ion implantation is currently used in semi-conductor 
industry production activities for implanting/ i-n solid state 
devices, impurities of low dosage and relatively deep penetra- 
tion (high energy) . In order to gather information on the cur- 
rent state of production line ion implantation, we visited, 
among others, RCA-Somerville, where a Varian-Extrion 200-1000 

ion implanter is used for integrated circuit manufacture, as 

( 12 ) 

well as for solar cell fabrxcation xn pxlot operatxons. 
Implantations are routinely performed at beam cxir rents rang- 
ing from 0-1 liA to 1.5 mA, at voltages up to 100 kV, alternating- 
+ + + 

ly with P , B and As xons, xn a 24 hour-a-day schedule of 
5 to 7 days-a-week. 

The Varian-Extrion 200-1000 ion implanter is available with 

a semi-automatic cassette wafer feeding mechanism that allows 

continuous processing, increasing its output rate to 300, 7.62-cm 

round wafers per hour. In order to achieve this output rate, 

the ion implanter also has to be modified to operate in a high 

current (4 mA), low voltage (<25 keV) mode. These options are 

included in a Varion-Extrion 200-1000 implanter in operation at 
( 2 ) 

Spxre .' Addxtxonal optxons provide an of f-axxs beam txlt 

to minimize channeling. To achieve dose uniformity and avoid 
shadowing from a tilted beam on a texture-etched surface, 
the wafer is rotated about its axis at 1 rev/sec . 

The cost of such a machine is approximately $315,000 and 
it requires one full-time operator. To achieve acceptable 
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machine operation, the RCA personnel have found it necessary 
to have a skilled technician stationed within the immediate vi- 
cinity of their ion implanter at all times, and to make adjust- 
ments in the machine operating parameters quasi-continuously . 

They believe that computer controlled functions, similar to 

( 7 ) ... 

those proposed by Spire in thexr xon xmplanter desxgn, 

could considerably reduce the need for continuous skilled 
attendance. They mentioned, however, that designing adequate 
computer controls might be difficult since, so far, adequate 
sensing of the status of all parts of the machine and -of the 
parameters affecting its operation does not exist. Thus, 
correctly operating the ion implanter is still more of an art 
than a science and requires the adjustment of many functionally 
interrelated controls. Similar statements were variously 
heard, summarized by Varian-Extrion personnel in the remark that 
successful machine operation depends very heavily on the operator, 
and that wide variations are experienced among the various users. 
RCA personnel has found that leakage from the high voltage 
machine elements, in part due to condensed source material, 
tends to interfere with the sensitive dose rate measurements and 
the machine control. Other problems resulted from persistent 
leakage of cooling fluid which could be reduced by the use of 
freon in lieu of the more common deionized water, albeit at 
significantly higher costs for the make-up fluid. 

One of the major problems mentioned ut RCA and elsewhere, 
is the deposition on many parts of the machine of atoms of the 
implanted species as well as of material sputtered off the 
various parts of the source. Arsenic is especially troublesome 
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in this respect because of its relatively low vapor pressure 
compared to other implanted species. This deposition occasion- 
ally results in electrical malfunctions, such as shorting of 
insulators and arcing., which occasionally has led to power 
supply or logic board damage. The machine, therefore, requires 
frequent thorough cleaning of the affected regions. Phosphorus 
also condenses on the machine's interior, and we have heard 
of short phosphorous fires upon opening the machine. 

Much of the unscheduled maintenance is performed .under 
service contracts. RCA personnel mentioned that such a 
service contract with Varian-Extrion has an annual cost of $13,000. 
This contract provides the so-far extensive on-location servicing 
by Varian-Extrion personnel and replacement of failed parts, 
frequently circuit boards. RCA personnel estimates that about 
two-thirds of this money covers time and expenses of the service 
personnel, and the remainder replacement parts. RCA has re- 
cently introduced regular scheduled maintenance of their Varian- 
Extrion 200-1000 "high current" implanter for which 4 hours per 
week are allocated. During these maintenance periods, the 
machine interior is cleaned, filaments, if needed, are replaced, 
vacuum pump oils are changed, the machine inspected, and poten- 
tially unreliable parts identified and replaced. Since this 
institution of preventive maintenance, the previously frequent 
machine breakdowns have decreased to a tolerable level. At RCA, 
the experienced filament lifetime, as plotted on Figure 2, 
is in the 60 to 120 h range for an average ion beam current of 

around 0.75 mA, although much implantating is done with a 1 niA 
f 12) 

beam current. 
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SOURCE LIFE EXPECTANCY(h) 




Because of the relatively frequent machine breakdowns 
of ion implanters, RCA's personnel have found it necessary 
to keep an extensive spare parts inventory, so that bad or 
suspicious parts can be replaced with minimal machine down time, 
in order to maintain production schedules and to reduce the 
impact on operating costs which are heavily influenced by the 
high cost of the equipment. 

An ion implanter has been in operation at 
Western Electric since 1974 in a production line, high through- 
put mode. This implanter, called the PR-30, has an output 

rate of 450, 7.62-cm diameter wafers/h at a dosage of 
1C 2(1-3) 

1x10 ions/cm . The machine can accomodate either a hot 

cathode, Freeman- type source, or a cold cathode (Penning) 

source. It operates in a low voltage (30keV) mode. In the 

case of the cold cathode source, a phosphorus current of 

(14) 

5 mA is obtained, with a source lifetime of 40 h. The wafers 

(7.62-cm diameter) are placed on a disk, 30 at a time. The 
disk is mounted horizontally in the ion implanter. After pump 
down to 10 ^ torr,' which takes approximately 3 minutes, the 
disk is rotated at 900 rpra while the underside of the wafers is 
exposed to the fixed ion beam. The total time of each run is 
approximately 4 mi'n. , 

The PR-30 is physically, a relatively small machine. The 
implantation unit, without controls, occupies a floor area of 
1.8m X 2.1m. Two standard instrument racks house the control 
units. The PR-30 is used only in Western Electric factories, 
and it is not sold on the open market. We have been given an estimated 
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price for this machine,, if it could be marketed, of less than 
(15) 

$300,000. 

A high current (10 mA) and low voltage (10-50 keV) ion 
implanher, designated NV-10, is currently being reac^ied by - 
Nova Associates for introduction into the marketplaqe. The 
machine uses a Freeman, hot cathode source, with an expected 
lifetime of 16 h at 10 mA. The machine costs approximately 
$410,000.^^^^ Its output rate for a 2 x 10^^ ions/em^ dosage 
of 270 wafers per hour of 7.62-cm dxameter is limited by the 
'wafer feed mechanism. If a faster feed mechanism could be in-^ 
stalled, the. output could be increased to 3-4 times the 
present one, to take better advantage of the machine's high beam 

current. The wafers are mounted, 18 at a time, in a disk that 

1 

i 

is rotated in a near vertical plane during implantation. The 
stationary beam is approximately 1cm x 2-3cm. A^ "^ith the 
Western Electric implanter, wafer rotation eliminates the need 

for magnetic or electrical beam scanning. 

• 2 
An add-on process price of $33. 96/m for implanting 

15 2 

phosphorus with a 1-2 x 10 ions/cm dose was calculated for 

the modified Vaf ian-Extrion 200-1000 machine. This price 

includes the cost of the silicon sheet lost-in-process. The 

sheet price used applies to silicon wafers which h^ve been 

texture etched on one side. The slicing cost was taken from our 
(17) 

previous study . of current production slicing costs (HAMCO 
ID data) ^ The details of the price calculation for ion this pro- 
cess are shown in a UPPC format attached in the Appendix. The ' 
add-on process price for ion- implantation using the modified 
Varion-Extrion 200-1000 is low compared to other pr:j.ces calculat- 
ed for currently used ion implanters . For instance, the calculated 


21 



add-on process price for the Varian-Exbrion 200-20 A machine ’ 

is $303.42/in^ This high price is due to the machines 's 

low throughput rate as it was designed for high voltage, 

low current (under 0.2 mA) operation. Its hourly output rate 
therefore is only 10 cells of 12-cm diameter. 

It should be noted that the given add-on price calculation 
for the modified Varian-Extrion 200-1000 implanter is based on 
experimental, not production line data. Therefore, this value 
does not reflect the breakdown or maintenance problems ex- . , 
perienced by ion implanters in production operations. However, 
reliable detail data are not yet available for the cost 
components of regular production ion implantation, since 
this process was only rather recently introduced as a production 
process. Still, if such data would be available, they would 
not represent the ultimately achievable costs, after machine 
and process maturity have been attained. While efforts are 
in progress to adapt the ion implanters better to production 
line operation by increasing their throughput rate , mechanizing 
their operation and improving their reliability, it will 
be some time before the process will be a mature production • 
operation with similar costs experienced by the various users. 
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C. Ion Implantation and Diffusion 

The application of ion implantation for PN of high/ 
low junction formation in process sequences for future 
large scale LSA manufacture depends on the fulfillment of 
either of two conditions: 1.) its costs are equal to 

or lower than those for PN junction formation using diffu- 
sion or high/low junction formation using alloying or 
diffusion, possibly in combination with each other or . 
with other process steps; or 2.) the performance of the 
solar cells fabricated by use of ion implantation is ade- 
quately higher than those prepared by other processes 
and is adequately higher to justify a higher price. 

As diffusion is a major competitive process, we have 
examined the attributes and costs of present and projected 
future diffusion processes. In their current production 
operation, Spectrolab uses open-tube diffusion of phosphine 
diluted heavily in hydrogen to form a PN junction. Thanks 
to the data supplied generously by R. Oliver and E.L. Ralph 
of Spectrolab, we have been able to make a detailed 

analysis of the present diffusion process as a baseline 
case, the results of which are contained in 
a UPPC format attached to the Appendix. The diffusion 
process takes approximately 35 minutes for a run containing 
75 wafers of 7.62-cm diameter. We have observed that the 
process as performed by Spectrolab is very labor intensive. 
The reason is that only two diffusion furnaces are needed 
to handle the entire production, but one operator is needed 
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to attend the process. Thus, this operator devotes most 
of his/her time to manually loading and unloading wafers 
onto and from the quartz diffusion boat, which could be 
done mechanically. If one assumes automatic wafer feeding, 
the operator’s time could easily be reduced to 10 minutes 
per run, and the processing add-on price would be re- 
duced to approximately $9.50/m from the present value 
of $12.74/m^ (SAMICS methodology). 

Another significant cost contributor, and one that 
has been ignored in most projections for future diffu- 
sion processes, is that for cleaning the quartz furnace 
tubes and boats, which is usually done with a HF-HNO^-H^O 
solution, as often as twice a day. Frequent quartzware 

cleaning has been found instrumental to maintaining high 

. . . 2 
cell effxcxency, but xt contributes $2. 23/m to the 

diffusion add-on price in the Spectrolab process. This 
price contribution was calculated assuming that the 
quartz cleaning operation requires 1 h/work day of labor, and 
a tube cleaning tower which costs $15,000 including installa- 
tion, and which is shared between the two furnaces. About half of 
this cleaning cost contribution is due to equipment costs, 
with the remainder, listed in decreasing magnitude, shared 
between labor, facility, and material costs. 

Future diffusion price projections, such as for 
Motorola's phosphine (PH^) process, also detailed in a UPPC 
format in the Appendix, are about a factor of four lower 
than present calculated prices ($3. 10/m compared to 
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$12.74/m^). The Motorola process which has approximately 
the same wafer throughput rate as spectrolab's current 
process, is applied to 12-cm diameter wafers, rather than 
7.62-cm wafers in the Spectrolab process. 

The 12-cm wafers have an area that is nearly 2.5 
times larger than that of the 7.62-cm wafer, accounting 
for most of the cost difference between Motorola's and 
Spectrolab's diffusion processes. The rest of the 
cost difference can be attributed to the more automated 
nature of the Motorola process, requiring half-as-much 
labor as Spectrolab requires, and the lack of inclusion, 
by Motorola, for cleaning of the quartzware. On the 
other hand, notable are Motorola's projected use of 
significantly more energy and direct material (phosphine) 
than Spectrolab is consuming now. 

Currently, the PN junction formation process by 
diffusion is not a large cost-contributing factor in cell 
processing. In application of the diffusion process, a 
separate annealing step is not required, at least not beyond 
a somewhat slowed cooling rate from diffusion temperature. 

A separate post-annealing step is, however, required after 
the ion implantation process to reduce the crystal damage 
resulting from implantation, and to activate the impurity 
species. Therefore, the annealing cost must be included in 
any cost analysis of ion implantation. Using a Thermco 
eight-tube diffusion furnace, which has an output rate of 

2 

1,000 12-cm diameter wafers/h, an add-on price of $1.18/m 
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was calculated for the annealing process step. (For 
details / see the UPPC format attached in the Appendix.) 

If ion implantation is to replace diffusion, it may be 
able to become cost competitive only as part of a more 
extended sequence of vacuum processes, or by producing 
cells of significantly higher performance than achievable 
by the diffusion process. 
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D. Technology Development for Future Ion Implantation Machines 

The realization of the 1986 cost projections for ion im- 
plantation is contingent on several improvements in the tech- 
nology of ion implantation machines. For one, the ion beam 
current has to be increased significantly to achieve, econo- 
mically acceptable throughput rates . Also needed to be in- 
creased is the lifetime of the source, in terms of mAh's, 
to avoid excessive costs from changing and rebuilding the 
sources, as well as machine downtime. To reduce skilled labor 
requirements, the implanter's controls should be as automatic 
as possible. In addition, continuous or seraicontinuous wafer 
feed, along with appropriate vacuum pumping mechanisms have 
to be employed. Also, care has to be taken in the mass analyses 
and the control of large current/small voltage ion-beams needed 
for solar cell fabrication, because space charge effects make 
those operations difficult. In some LSA process sequences, 
ribbon material is planned to be the substrate. Since rotation 
of elongated rectangular workpieces about their axis is impracti- 
cal, other procedures to achieve uniform deposition have to 
be utilized in the future implanter, e.g., magnetic or mechani- 
cal beam scanning. 

As mentioned previously, at present, PN junction 

formation using open tube diffusion is a small cost contributor 

( 18 ) 

to the solar cell module cost, constituting approximately 1%. 

A replacement process for diffusions in future LSA process se- 
quences would require lower costs, or yield higher performing 
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cells r or offer a simplified fabrication sequence. Implanta- 
tion costs are expected to be lowered dramatically by increasing 

2 

the ton implanter ' s throughput rate from about 2 m /h to 
2 

nearly 200 m /ii. T.o. accomplish thi-s, tihe total ion beam 
current, flux rate of ions impinging on the silicon, is ex- 
pected to be increased from 4 mA to 100 mA. If multiple sources 
are used, then the ion beam current per source needs to be 
increased by a 'factor of 4 to 5. Increasing the beam current 
will, in general, increase the implanter 's output rate in 
the same ratio. But, as shown on Fig\zre 3, the increase in 
the machine * s cost per unit beam current decreases with beam 
current. In Figure 3, the experienced machine cost per unit 
beam current is plotted as a function of the beam current to- 
gether with an extrapolation to the future. The first four 
open circles reflect the costs of ion implantation machines 
that are in operation and the solid circles reflect projected 

data from the listed organizations . 

In addition to larger ion sources, future implanters 

would have to be more reliable than current ones. The high 
capital cost of ion implanters necessitates their utiliza- 
tion rate to be as high as possible. Proposed future machines 
(Lockheed, RCA, Spire) have been projected to have utiliza- 
tion rates between 85-95% as opposed to today's 80%. For 
Motorola's unanalyzed ion beam implanter, the uptime fraction 
is not as significant because of its relatively low cost. 

The Motorola machine is expected to cost $85,000 as opposed 
to at least $500,000 for any of the other three proposed 
machines which employ, analyzing magnets. One reliability 
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MOTOROLA* 




improvement is expected from increasing the source lifetime 
in terms of mAh's with beam current. However, although the 
source life expectancy- decreases as beam current output in- 
creases, as shown in Figure 2, the product of source current 
and lifetime increases with increasing output. Therefore ■ 

more silicon can be processed between filament changes. In 
(7) 

one proposal , multiple and spare sources are employed 
so' that they could be replaced while the machine is operating. 

As listed on Table II, the source lifetime (mAh) is expected 
to increase in the future by a factor of ten. 

- Another projected improvement is the reduced dependence 
of the ion implanter's performance on operator skill. At 
present a skilled operator needs to monitor the operating 
ion implanter continuously to achieve optimum output rates.. 
These skilled labor requirements are expected to be d ecre ased, 
in future .implanters, by simplifying the machine's operation, 
by larger batch loads , or by using microprocessors. 

It is thus hoped that future implanters could be operated with 
unskilled labor with skilled labor called upon only occasionally 
for m.echanical and electrical servicing. 

Since annealing is an integral part of the implantation 

process, studies are being conducted in the JPL-LSA pro- 

(19) 

gram on an optimum process. Processes studied include 

thermal, electron pulse, and laser annealing with only thermal 
annealing yielding solar cells of comparable efficiency 
to those produced from diffusion. Thermal annealing costs, 
as- mentioned previously are significant compared to those 
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TECHNOLOGY PROBLEMS TO BE RESOLVED FOR 
SUCCESSFUL LOW COST I ON- IMPLANTATION 


5-FOLD INCREASE OF BEAM CURRENT PER SOURCE (A mA 20 mA) 
lO-FOLD INCREASE OF SOURCE FILAMENT LIFE (25 mAh ^ 280 mAh) 
REDUCED RELIANCE ON OPERATOR INFLUENCE FOR EFFICIENT MACHINE 
PERFORMANCE . 

REDUCED FREON LOSSES FROM COOLING SYSTEM (HIGH VOLTAGE,) 
EASIER CLEANING OF SPURIOUS MATERIAL DEPOSITED IN SYSTEM. 

(DEPOSITION PROBABLY NOT AVOIDABLE' ) 

.UNIFORM DEPOSITION W/0 WORKPIECE ROTATION 
REDUCED CAPITAL COST (CURRENT SINGLE SOURCE. 2 mA MACHINES 
• CAPABLE OF 200 WAFERS/H COST -.$0,5 M'ill.) 

IMPROVED ANNEALING METHODS (PULSE ANNEALING?) 

REDUCED ENERGY CONSUMPTION. 


ALTERNATE TECHNOLOGIES ; 

COLD CATHODE. SOLID SOURCES (simpler system, but; faster source 

EROSION? HORE spurious deposition 
IN system than from gaseous sources?) 

OMISSION OF ANALYZING MAGNET (capital cost and energy savings. 

BUT: impurity profile acceptable? 
SPURIOUS impurities controllable?) 


Table II 



for future ion implantation processes. Also thermal annealing 
decreases the potential efficiency of ion implanted cells. 

The shallow implanted PN junction depth that can be obtained 
from implanting with low energy ions has the potential 
of yielding better performing cells than those from the dif- 
fusion process, because of greater UV-response. However, 
the thermal anneal cycle broadens the shallow, implanted 
junctions depth, making it comparable to that obtained 
using gaseous diffusion. 

For an effective use of the ion implantation process, 

an extended, automated, vacuum, production sequence has been 

proposed by Spire. For this sequence to be practical, the 

annealing process has to be performed in a short time interval. 

Since conveyor belt, in the Spire sequence, moves at a rate 

of 30 cm/sec, a thermal annealing cycle of only 5 minutes 

would require an effective furnace length of 90 m. Electron 

or laser beam annealing would be compatible with a rapid 

production line, since they can be performed in fractions 
(19 20) 

of seconds. * However, solar cells annealed with either of 
these two techniques show a decreased performance. A summary 
of some other technical problems that need to be solved for 
the successful implementation of ion implantation for future 
solar cell manufacturing processes is listed in Table II. 

These problems include uniform deposition of ribbon-shaped 
wafers, more effective coolant usage and convenient removal 
of deposited source material. 

The importance of beam current size to implantation output 
is shown by the expression for the unit area ion implantation time: 
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|l.602 X 10 (a* sec/ionH • ion flux (ions/cm )j 2 

tp = k _________ sec/cm » 

Ion beam (amps) 

( 2 . 8 ) 

The proportionality constant, k, is < 1 and depends on the 

degree of overscan and the beam utilization. Therefore, 
as a first approximation, the throughput rate of an ion 
implanter is proportional to its beam current. Because the 
implantation process is capital intensive, lowering the machine 
cost per unit beam current will lower the implantation cost 
in about the same ratio. As can be observed in Figure 3, 
the machine costs normalized to their beam current are ex- 
pected to decrease approximately proportionally with increased 
beam current. For future ion implanters, a large capital cost 
decrease per unit of output is anticipated by increasing the 
beam current without proportional increases in machine costs. 

There are several approaches for increasing~the ion 
beam current. One approach, proposed by Spire, is to increase 
the size and number of the hot cathode sources to 20 mA and 
10, respectively. The source current lifetime is increased by 

changing from a Freeman to a Chavet type filament. Higher 
currents are tolerable in the latter source, because the 
Chavet filament is looped and therefore is not as heavily 

degraded by the back ion bombardment. Although source 
lifetime does decrease with increasing currents, as shown 
in Figure 2, this decrease is less than the increase in 
current. In another approach, a hollow cathode source, similar 
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This 


to that used in ion beam thrusters., is proposed. ^ 
source is expected to yield a current of 100 mA, but be- 
cause of the non- collimated, large crossection nature of the 

beam it cannot be mass-analyzed. In an ion implanter proposed 
by RCA, two 10 mA ion beams are used simultaneously. One 

is used to implant the front of the wafer with phosphorus ■ 

15 -2 

at a 1 X 10 cm dosage while the other implants boron with 

14 -2 (3) 

a dose of 5 x 10 cm . The Lockheed proposal has one 

10 mA beam- that can process about one 7.62-cm diameter wafer/sec- 
(5) 

ond. The wafers are loaded and unloaded to and from 

4 side chambers which surround the central implant chamber. 

In the proposed Spire machine, 7 of the 10 sources are 
operated simultaneously with six running at a current of 
16 mA, and the seventh at 4 mA. The ion beam from each source 
passes through a collimator with a slit geometry of 2 x 75 mm 
to provide mass analysis. The larger six sources are broken 
into two sets with an analyzing magnet for each set. Three 
ion beams strike the moving silicon wafers at +15° to the normal 
and three at -15*^. The wafers are transported on 20x20 cm carriers 
on a belt moving at a rate of 30 cm/sec. The seventh and 
smaller ion beam is used for a final dose control. The three 
remaining sources are used as spares . As plotted in Figure 2 , 
it is expected, by Spire, that the average source lifetime 
can be increased to 24h, or approximately 400 mAh. This 
would mean, on average, a source replacement every 4 h with 
each replacement requiring 10-15 min. labor. A "dead” source 
is expected to be ready for replacement within 24 h. The 
implantation energy is designed to be 10 keV, dose uniformity 
to be + 10%, and analysis to + 0.5 AMU. In order not to 
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enhance the space charge effect of the large beams , electric 
fields after the extraction gap are avoided in the Spire machine 
design. The scanning deflector, shown in Fig. 1, is 
operated magnetically. 

The narrow width of the 16 mA ion beams makes them analy- 
able since the radius of curvature of the ion beams caused 
by the magnetic field can be made larger than the beam's 
width. The radius of curvature is given by: 

r = ("'/e) X (2.9) 

where (m/e) is the ion's mass to charge ratio, v is the ion 
velocity, and B is the magnetic field strength (in gauss) . 

If a linear magnetic field is assumed, then the deflection 
angle is sin ^ |Te/m) x (B/v) I|, where £ is the length of the 
magnet. As seen in the top drawing of Figure 1, therefore, 
the angle of deflection depends on the (e/m) ratio. A slit in 
the ion path placed preceding the beam selects the desired ion. 

A large, transient temperature increase ('-«-'800°C) can 
cause considerable stress in the silicon wafer, and make sub- 
strate movement and handling difficult. The energy flux den- 
sity J, of a 10 keV ion beam at a density of 1 x 10“-^ ions/cm''^, 
is 1.60'2 j/cm^. With the proposed output of the Spire implanter 
of 180 m^/h, the implantation time, is 0.002 sec/cm^. The 
temperature rise of implanted wafers is given by, 

AT = J/CpP(2D tp)^^^' °c, (2.10) 

where is the specific heat of silicon (0.71 j/g°C) at RT, 
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and p • is the silicon density (2.34 g/cnt ). D is known as the 
heat diffusivity which is equal to k/C p, where k is the thermal 
conductivity of silicon (1.47 j/sec*cm °C) . The expression 


/2Dt is the thermal diffusion length and cannot exceed 
P 

the wafer's thickness. Equation 2.10 is valid when the im- 


planted junction depth is small compared to /2Dt^~ or the 
thickness of wafer. This condition is satisfied for NP 
solar cell NP junction formation. The junction depth is normally 
approximately 0.2 pm and the implantation time is sufficiently 
long to make the diffusion length several hundred microns. 

For implanting a 200 pm thick wafer, with the porposed Spire 
machine, the temperatiire increase over the environment is ex- 
pected to be 48®C. 

In Motorola's proposal, shown in the bottom drawing of 
Figure 1, a large ion current beam (100 itiA) is obtained from 
a hollow-cathode source derived from ion thruster technology. 

Ion thrusters, using ionization of mercury, have very large 
beam currents (several amps) , and lifetimes of thousands of 
hovirs. It is thought not to be difficult to modify the 

( 11 ) 

thruster to ionize phosphorus or other suitable dopants. 

However, the ion thruster beam can not be mass-analyzed 
because of its circular cross-section and large diameter. 

The dispersion caused by a magnetic field would be less than 
the beam's diameter. In addition, the energy spread of ions 
emitted from a ion thruster type source hinders good magnetic 
separation, since the curvature radius of ions under the influ- 
ence of a magnetic field is directly proportional to its 
velocity. The effect on solar cell efficiency of implanting 
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with an unanalyzed or a "roughly" analyzed beam is not yet 

known and investigations have just been initiated. The 

proposed Motorola ion implanter is fairly simple in design; 

the wafers are transported (past the ion beam) by a belt 

through differentially pumped vacuum chambers. Dose uniformity 

might be a problem, because of the Gaussian distribution of 

the beam's intensity and an individual wafer might be exposed 

to only a selected portion of the ion beam. It takes less 

than 0.75 sec. to implant a 12-cm diameter wafer with a 
15 -2 

2 X 10 cm dosage of phosphorus with a 100 mA beam. The 
low capital cost of this implanter, makes the Motorola pro- 
posed ion implanted process the lowest cost one studied in 
this report. Details of this cost calculation are contained 
in a UPPC format attached to the Appendix.- 

In the RCA and Lockheed proposed machines, hot cathode 

(3) 

ion sources are employed. In the RCA-proposed machine, both 

the PN and PP+ junctions are formed simultaneously by using 

two separate 10 mA beams. One beam is used for phosphorus and the 

other for boron. This machine can process approximately 
2 

100 cm /sec, and allowing time for beam scanning and beam 
loss at edges, the machine's throughput is 2000, 7.62-cm 
diameter wafers per hour. The wafers are transferred auto- 
matically from 500 wafer cartridges to 50 wafer cassettes from 
which they are then removed to a holder for implantation. 

The high capital cost of the RCA implanter relative to its 
output, makes the RCA process the most expensive of the future 
implantation process projections. 

The Lockheed proposed machine uses a 10 mA beam, and can 
implant 3000 wafers/h (7.62-cm diameter).'’ ' The wafers, 
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which are batch-loaded, are held in 1200 ring-shaped trays 
cr carousels (50 wafer s/tray) that are stacked and distributed 
among 4 cylindrical vacuum chambers adjacent to the implanta- 
tion chamber.. During the implantation process, the trays are 
transferred to the central chamber where they are rotated 
such that each wafer is scanned on its \mderside by the ion 
beam. This is repeated 4 times for each tray to assure dose 
xmiformity. The ion beam is kept constant at 7° to the normal 
while the wafers are rotated. This eliminates the need for 
electrical, or magnetic beam scanning. After all the wafers 
in the machine have been scanned, vacuum in the implantation 
system is broken and the wafer loading cylindrical chambers 
are replaced. It takes approximately 20 hours for the com- 
pletion of one run; 2 hours for loading, 16 hours for pro- 
cessing, and 2 hours for unloading. The Lockheed process 
employs phosphorous pentaf louride (PF^) as the source gas, 
instead of PH^ or P. Phosphorous pentaf louride is very 
expensive and is a large cost contributor (about 16%) to 
the add-on process price as shown in the UPPC format attached 
to the Appendix. 
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E. Junction Formation Cost Structures 


The costs of present and future junction formation pro- 
cesses, broken up into their material, labor, capital, over- 
head, and return-on-equity components, are summarized in 
Table III. The cost calculations are based on the SAMICS 
methodology and are detailed in UPPC formats attached in 
the Appendix. Also listed in Table III is the throughput 
rate, in terms of number of wafers processed per hour and 
their diameter. 

The cost of the wafers , which are reflected in the lost- 

in-process cost, are taken from our previous studies of 
, . (17) 

slicing processes ,and the 1986 silicon and sheet value 

(25) 

goals listed in JPL-LSA's price allocation guidelines. - In 

addition to slicing, the cost of one-sided te xtur e etching 

is included in the current and future wafer prices. The 

etching is performed by applying etch stop in the form of 

wax on one surface, texture etching with 30% NaOH at 90°C, 

and removing the wax with plasma etching. The etching step 

costs have been derived from information published by 
( 26 ) 

Motorola,' and add up to approximately $3.09/m^. The cal- 
culated prepared wafer prices are $350.98/m2 and $41.21/m2 
for 1978 and 1986, respectively. The specific process for 
the current wafer price is slicing 10.16-cm diameter wafers 
with a HAMCO ID saw. 

The first two columns of Table III refer to current 
implantation and diffusion techniques, while the other columns 
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Ill . Technical and Economic Comparison of Present and Proposed 
Junction Formation Frocessea 


Add-on Cost Components ($/m2) 


organization 

Varian-Extrion 

Spectrolab 

Motorola 

Motorola 

RCA 

Lockheed 

Motorola 

Motorola 

Spire 



200-1000 KF 
(Spire) 

(1978) 

“ph 3 dif“ 
fusion 

(1978) 

PK 3 dif- 
fusion 

(1986) 

S-Etep 

diffusion 

process 

(1986) 

2 -side ion 
implanta- 
tion w/an- 
nealing 
(1986) 

PF 5 

Implantation 

(1986) 

Activation 

annealing 

(1986) 

Onanalyzed 
beam im- 
planter 

(1986) 

High thruput 
ion itnplan- 
ter 

(1986) 

Throughput/rate Cno-h"V<iia* (cm) ) 

240/7. 6-cm 

129/7. 6-em 

1000 / 12 - 

cni 

1009 / 12 - 

em 

2000/7.6- 

cm 

3 1 ^ 000/7 • 62— cro 

2000 / 12 -cm 

4800/12-cm 

18,000/10- 

cra 

1 . 

Direct Materials 

0.01 

0.02 

0.29 

2.26 

0.25 

0.86 

— 

0.03 

■ 0.07 

2. 

Indirect Materials 

0.75 

0.19 

0.20 

0.25 

0.69 

0.68 

0.03 

0.07 

0.02 

3. 

Expendible tooling 

2.63 

0.28 

0.11 

0.16 

0.27 


0.05 

0.00 

0.06 

4. 

Electrical Energy 

0.65 

0.08 

0.22 

0.44 

0.22 

0.02 

0.10 

0.02 

0.08 

5. 

Total Materials 
(1.0526* (1.+2.+3.+4.)) 

4.26 

0.59 

0.86 

3.27 

1.51 

1.63 

0.19 

0.13 

0.24 

6 . 

Direct Labor 

4.84 

4.65 

0.52 

1.68 

0.42 

0.55 

0.24 

0.12 

0.06 

7, 

Maintenance Labor 

1.36 

— 

0.08 

0.37 

0.14 


— 

0.02 

O.02 

8 . 

Indirect Labor 
(0.25*(6,+ 7.)) 

1.55 

1.17 

0.15 

0.51 

0.14 

0.14 

0.06 

0,03 

0.02 

9. 

Total Labor 
(1.3158 • ( 6 .+ 7.)) 

8.19 

6.12 

0.78 

2.72 

0.73 

0.73 

0.32 

0.18 

0.1 

10 . 

Equipment 

7.42 




2.45 

BBH 

WSSm 


WmrnM 

11 . 

Facility 

0.39 




0.26 

mmm 

IBH 



12 . 

Capital (10. + 11. ) 

7.81 

■BOB 

0.22 

0.98 

2.71 

1.22 

0.10 

0.07 

0.37 

mm 

Overhead 

0.48 

mmgm 

mnam 

0.05 

■BBI 

0.08 

0.01 

0.005 



Return-on-equity 

13.27 


■m 

2.96 

mBEM 

2.76 

0.31 

0.21 


15, 

Add-on price o£ process 

34.01 

12.38 

2.65 

9.98 

9.90 

6.42 

0.95 

0.60 

1.31 

16. 

Yield (%) 

99 

99.9 

99 

— 

— 

99.2 

99.4 

99.8 

99.9 

17. 

18, 

Yielded add-on process price 
Cost of silicon lost-in- 

34.36 

12.39 

2 . 68 . 

9.98 

9.90 

6.47 

0.95 

0.60 

1.31 


process 

3.51 

0.35 

0.42 

1.78 

0.84 

0.32 

0.25 

0.08 

0.04 

19. 

Add-on price 

37.86 

12.74 

3.10 

11.76 

10.74 

6.79 

1.20 

0.68 

1.35 





















































detail the costs of proposed processes. Two multi-step se- 
quences for producing front and BSF cells are also shown on 
Table III. The 5-step Motorola diffusion process, which 
is detailed in Table IV , consists of protecting the front 
surface by spinning-on-- silica, diffusion of the BSF using 
BCl^/ a spin-on silica protection of the back surface, 
phosphine diffusion, and stripping of silica from both surfaces 
with a 4:1 NH^OH;HF solution. The result is an N+PP+ wafer 
with no silica coating, ready for metallization or AR-coating, 

The other multi-step process consists of RCA's double-sided 
ion implantation followed by thermal annealing. The RCA 
2-step process yields wafers equivalent to Motorola's 5-step 
wet chemical sequence. 

The cost components for activation annealing are included 
in Table III because it is presently a necessary step after 
ion implantation to achieve state-of-the-art performing cells. 
Annealing costs are significant compared to those derived using 

the high throughput implanters proposed by Mbtorola and Spire. 

The major cost components from Table III are graphically 
represented on Figure 4. In addition, Figure 4 includes the 
cost of RCA’s proposed gaseous diffusion using POCl^- This 
diffusion process takes approximately one hour and has an 
output rate of 2,000 7.62-cm diameter wafers per hour. Addi- 
tional details of the RCA POCl^ diffusion process are con- 
tained in a UPPC format attached to the Appendix, 

The prices for the proposed PH 3 and POCI 3 diffusion processes 
are $3.01/m^ and $3.86/m^, respectively. These two processes 
should be available for near term production sequences; no major 
technical problems need to be solved for their applicability. 
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Table IV 


Yielded Add-on Cost Components for Motorola’s 5-Step 
Wet Chemical Front Junction and BSF Sequence ($/m^) 


— 

Process Step 

Step 

Yield (%) 

Cumulative 
Yield (%) . 

Materials 

Labor 

Capital 

Return-on 

Equity 

Lost Si 
(1986) 

Subtotal 

1. 

Spin-on. silica 
(front surface) 

99.0 

95,9 

1.06 

0.50 

0.28 

0.72 

0.43 

2.99 

2. 

BSF diffusion 
with BCl^ 

99.0 

96.8 

0.33 

0.81 

0.24 

0.69 

0.43 

2.50 

3. 

Spin-on silica 
(back surface) 

99.0 

97.8 

1.04 

0.49 

0.28 

0.71 

0.42 

2.94 

4. 

Phosphine 
diffusion 
for front 
junction 

99.0 

98.8 

0.79 

0.79 

0.24 

0.78 

0.42 

3.02 

5. 

Stripping of 

silica with 4:1 

NH.OHrHF 

4 

solp-tion 

99.8 

99.8 

0.06 

0.15 

0.01 

0.05 

0.08 

0.35 


Totals 




b.28 

2.74 

1.05 

2.95 

1.78 

11.80 
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The cost decreases for the diffusion processes are about a 
factor of four lower from current ones, and for the most part, 
depend upon throughput increases. The higher output rate 
for Motorola's diffusion process, as compared to Spectrolab ' s , 
is based on processing larger wafers (12-cm) at the same 
rate as smaller ones {7.62-cm). The larger area (2.48x) 
of the 12-cm diameter wafers accounts for the higher through- 
put rates of Motorola's process. RCA proposes to automatically 
transfer wafers from cassettes to furnace boats, and load/ 
unload the boats from the furnace, to increase output rates. 

The loading and transferring machines add to the capital cost 
of the RCA process, but increase output sufficiently to 
lower unit area costs. 

The RCA 2-sided implantation process, which is included 
on Figure 4 with annealing, and the Lockheed implantation 
proposal, should be ready for near-term production (1982- 
1984). Both these machines have 10 mA ion beams. The RCA 
implanter actually has two- 10 mA beams but only one is used for 
the front junction formation. This beam size is only twice 
as- large as some machines in operation and a 10 mA machine, 
the NV-10, by Nova Associates, should be introduced into the 
marketplace shortly. 

The processing costs from employing the high current (100 mA) 
machines by Motorola and Spire are the lowest ones listed 
on Table III for junction formation. However, a longer time 
than for the other options discussed above will be needed 
before these machines are suitable for production use, because 
of larger extrapolations of ion currents and throughput 
rates. In addition, the Morotola 100 mA proposal has redactions 
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in labor, and capital costs because of its greatly simpli- 
fied operation. it employs an unanalyzed beam from a hollow 
cathode source, thus eliminating the need for any acceleration, 
magnetic, and scanning capabilities. The hollow cathode 
source originally designed for space propulsion use in ion 
thrusters, should give the high currents and lifetimes necessary 
for a low-cost', high throughput operation, needed in solar cell 
manufacturing. But, the effects on cell performance by 

implanting with an unanalyzed beam are unknown, although 

(23) 

investigations have recently been initiated. Spire expects 
their implanter to have a 100-fold increase in output rate 
over current machines. This is to accomplished t for -the 
most part, by increasing the beam current to 100 mA, by 
having a continuously pumped, belt system, feed mechanism, and 
by increases in machine reliability by extensive use 
of microprocessors and redundant beam sources . 
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3 . Conclusions 


In order for the front junction formation processes 
involving gaseous diffusion and ion implantation to fit into 
future (1986) low-cost solar cell fabrication sequences 
their costs will have to decrease by factors of approximately 
four and ten, respectively . At present, the phosphorus diffu- 
sion process cost is $12.74/m2 while the ion implantation 
of phosphorus costs $37. 86/m . It is anticipated that the 
future cost contribution for front junction formation would 
be less than $3.20/m^. 

The costs in the long term ion implantation projections 
by themselves seem significantly lower than those of the diffu- 
sion processes, but adding the cost of the necessary activa- 
tion annealing, makes the costs comparable. For combined front 
and BSF sequences, the cost difference between a wet- 
chemical process (the 5-step Motorola sequence) and an equi- 
valent multi-step process employing ion implantation, is about 
$l/m^. The closeness of these two projections makes it diffi- 
cult to judge which would be economically advantageous in 
1986. From our calculations, it would appear that ion im- 
plantation and diffusion could be competitive. 

Future junction formation processes will have to fit 
well into high volume process sequences. Even though 
currently, gaseous diffusion is an inexpensive step in 
manufacturing solar cells, its costs have to be reduced 
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even more to fit into the future LSA framework. Cost 
reductions depend upon larger throughput rates to he achieved 
by processing larger diameter wafers, and by automatic wafer 
transfer. Wafer transferring could be accomplished using 
specifically designed machines, which would increase the 
capital cost of gaseous diffusion. Another cost reduction for 
diffusion is related to quartzware (boats and tube liners) 
cleaning using mild chemical etching. The cleaning is necessary 
to minimize wafer contamination and is currently a significant 
cost contributor to the diffusion process. The required cleaning 
frequency and alternative cleaning procedures should be investigated. 

Ion implantation has recently been introduced into 
production activities, and its state-of-the-art performance 
is rapidly changing. During the last decade, ion beam current 
(and consequently the throughput rate) has increased by a 
factor of 1,000- from a few microamps to, soon to be intro- 
duced 10 itiA. For low-cost solar cell junction formation, 
the implanter's beam current would have to increase by an 
additional order of magnitude and its cost reduced by 
approximately a factor of 20. The feasibility of achieving 
these goals cannot, at this time, be assured. But certainly, 
activity in this area dhould be continued. 

If ion implantation's cost reductions could be accomplished- 
through larger throughput rates and greater reliability,' and 
if a compatible annealing process could be perfected, then ion 
implantation would be a strong candidate for junction formation 
in future LSA process sequences. 

The cost reductions required for gaseous diffusion to meet 
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the L’9A future price goals are not. as dramatic as those 
needed for ion implantation , and are not as dependent on 
technical development. However, studies should be continued 
in automatic wafer handling and in quartzware cleaning methods , 
because these are potential add-on price reduction areas for 
diffusion. 
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4 . 


NEW TECHNOLOGY 


No new technology developed during this quarter. 
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APPENDIX 


The University of Pennsylvania Characterization 
Formats for Gaseous Diffusion and Ion Implantation 
Junction Formation Processes 


Note: The time units used in these formats refer to plant 

operating hours. 





Process No. (~3 j ^ | I | ^ | 0 | I | — [ Q |l 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Device Fabrication 

Subprocess: Junction Formation 


Option: 


:ion (.n- layer, 


incr a me 



1 


2 

i 

1 to 1 

3 

1 to 1 

4 

! 

1 to 1 

5 

1 to 1 



6 

1 to 1 

7 

1 to 1 1 

a 

1 to 1 

9-1 

1 to 1 

: 9-2 •- 

1 to 0 

9-3 

1 to 0 

10 

1 to 1 

! 

11 

1 to 1 

. 12 

1 

1 to 1- 

13-1 

1 to 0 

13-2 

1 to 1 

14 

1 

1 to 0 

■ 15 

1 to 1 

• 16 

1 to 0 




INDEX 


Date 










Remarks 



























Form 2 



Process No. 





Page J- o f 1 
Revision l Date 4/9/79 


0.1 Value Added: 






Process Description: Ion implantation of phosphorous, using 5% phosphine in H? ’with a modified Varian- 

Extrion 200-1000 in^planter with cassette loader, operating at an ion beam curran-h. nf 7-4 ma . at in 
Using 3 dia. wafeirs (45.6 cm ) , a cassstte load (25 wafers) is processed in average operating time 
of 5 min., for a throughput rate of 1.368 m2/h. Machine utilization is 0.8 oper'g hours per calendar 


hour, for an effective throughput rate' of 240 wafers/calend. hour. 


1. Input Specification: 

I 

Name of Item; Prepared water on sheet material as specified 
Dimensions: 7.62-cm diameter, 240 wafers/h 




Material: Solar grade silicon 

Other Specifications: 


1,1 Quantity Required: 1.094 m^ / h Unit Cost; 351 $/ m^' 


1.2 Input Value: 

' . ?/ 

1.3 Input Cost: 

384.13 $/ h 


-Note to Item 1.3; Use price, if input produced in own plant. 




Process No. . (JU . ~ UlLTLI 

2.1 Direct Materials; 

2,1_1 Type: 5% phosphine in hvdrocren 

Specification: Only used when machine is operating. 

ft^/min; cost is $0.82/ft3 (SAMICS No. E1472D) . 


Revision 


Form 3 
Page of 1 
Date 4/9/79 


ConsuiTOtion rate is 


Quantity Required: 0.476 £ 


Unit Cost: 0.029 $/ £ 


0.0138 $/ h 


Specification: 


Specification: 


Quantity Required: 


/ ; Unit Cost 



2 3 ^ Subtotal Direct Materials: | 0.014 $/ h 











Process No. 


T 


0 1 


2.2 Indirect Materials (incl. supplies and non-energy utilities): 
2.2 X Type; Coolincr Water ^ 


Form 4 

Page 1 of 1 

Revision 1 Date 4/9/79 


'll ;j0’' , 

%; 
O 

70 'T 

«o 

c: S 
> S 

f— > m 


Specification: Needed continuously to cool diffusion pumps, (SAMICS No. C1128D 


Quantity Required: 0.48 kW 

2 Type: Liquid N., 

-cw> ~ 


/ ; Unit Cost: 0.566 $ / kWh ; Cost: 


Specification: Needed continuously for vacuum traps. Consumption rate is 

0.096 Unit cost is $5.66/ft^, (SAMICS No. C10*^0D) . 




Quantity Required: 2 . 69 

2.2_ Type: , 


^ / h ; Unit Cost: 0 .202 $/ Jl ; Cost: 


Specification: 


0.272 $/ h 


0.543 $/ h 


Quantify Required: 


/ ; Unit Cost; 


$/ 


; Cost: 


2,2 Subtotal "Indirect Materials; 


. $/ 


0.82 $/ h 




'/jS' 


Process No. Q.S.ra-SD 

2.3 Expendable Tooling: 

2.3 1 Type: Spare parts ( e.g. tungsten filaments. Vacuum seals , pump oils' 
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Quantity Required: 4 8 min / h . Unit Cost; 0.06 $/ mincost;*! 2.88 $/ h 


2.3_ Type: 


2.3_ Type: 


2.3_ Type: 


Quantity Required: 


Quantity Required: 


Quantity Required: 


Unit Cost: 


$/ Cost: 


J : Unit Cost: Cost: 


/ : Unit Cost: $/ Cost: 


2 3 Subtotal Expendable Tooling: 1 2 , 88 $/ h 


2.4 Energy 


2.41^ Type: 


2.4_ Type: 


Electricity, 25 kW^ (usage during non-operating time is 12.5 kW) 
^Quantity Required: 22,5 kW / min : Unit Cost: 0.03lg / kWh Cost: 


718 $/ 


jQuantity Required: 


: Unit Cost: 


2.4 Subtotal Energy Costs: | 0 . 718 $/ ^ 



Process No. 



3.1 Direct Labor: 

3.1_1 Category: Semiconductor Asserobler Activity: 

(SAMICS No. B3096D) 

Amount Required: I b/ l ; Rate: $ 3 . ag 


3.1__2 Category; Electronics Technicif 
(SAMICS No. B3736D) 
Amount Required: 0.1 h/ h_ 


Activity 

Rate: $ 5.29 


(v 3.1_3 Category; Maintenance Mechani 

(SAMICS No. B3704D) 
Amount Required: Q.l h/ ] 


Activity 

; Rate: $ 5.67 


3.2 Indirect Labor: 25% of direct 


3.2 Category: 


_Activity:_ 


Amount Required 


; Rate: $ 


3.2_ Category: 


_Activity 


Amount Required: 


; Rate: $ 


3.2 Category; 


_Activity ! 


Amount Required :_ 





Process No-Q . [£] . ] ° j ^ 

Revision 

4.1 Equipment 

4.1 1 Type; Varian-Extrion 200-1000F ion implanter 

Cost; 315^000 installation Cost: 5^000 Throughput; 1»368 nt^ /h; 


Plant Oper'g Tim e 8280 h /y; Machine Avail 'ty; 80 %; Machine Oper’g Time h/y 

Servicing Costs; Labo r — h/y at — $/h;Parts or Outside Service; $/y 

Useful Life; ^y; Charge Rate; 21,35 % of Cost/y; Capital Cost; 67/253 $/y 


4.1 


S 


Type : 

Cost : 

$; Installation Cost: 

$; Throughput: 

/h; 


Plant Oper'g Time 

h/y; Machine 

Avail 'ty: %; Machine Oper'g Time 


h/y 

Servicing Costs: 

Labor h/y at 

$/h;Parts or Outside Service: 

$/y 


Useful Life: 

y; Charge Rate: 

% of Cost/y; Capital Cost: 


$/y 

Type; | 

Cost: 

$; Installation Cost: 

$; Throughput; 

/h; 


Plant Oper'g Time 

h/y; Machine 

Avail 'ty; %; Machine Oper'g Time 


h/y 

Servicing Costs: 

Labor h/y at 

$/h;Parts or Outside Service: 

$/y 


Useful Life: 

y; Charge Rate: 

% of Cost/y; Capital Cost: 


$/y 


4.1 Subtotal Equipment Cost: 
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8.12 $/ h 


$/ 


$/ 


8.12 $/h 
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S.0.1Z 


4.2 Facilities: 

4 . 2 J: Type; Machine area 


Floor Area: 19.51 m 5 Throughput: 9062 


m- 


Revision 

; /y 


Form 8 

Page 1 of 1 
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Charge Rate: 


Heating 
Air Cond'g 


179.13 


*. 


Energy Use: 
/y at _ 

/y at _ 


_$/ (m *y) ; 

$/ 

$/ 


Maintenance Costs; 
Labor: h/y at 

_l 

1 


Supplies: 

Outside Services: 


_$’/h 

,$/y 

_$/y 


Lighting 

/y at 

..... $/. ... I 

Total Cost: 

3495 

_$/y 




4,2 Type; 


Floor Area: 

2 

m ; Throughput: 


_./y 

Charge Rate: 


$/(m^-y); ^ 

Maintenance Costs; 


— 


Energy Use; 
/y at 

— H 

, Labor; 

h/y at 

$/h 


Heating 

V 1 

5^npp 1 i pfi I 

$/y 


Air Cond'g 

/y at 

V 1 

Onfsidp Services; 

$/y 




1 





Lighting 


_/y at 


$/ 


Total Cost: 


_$/y 


4. 2_ Type: 


Charge Rate;_ 

Heating 

Air Cond’g 

Lighting 


Energy Use: 
/y at _ 


Floor Area: 


_$/(m 


m ; Throughput: 


_/y 


_/y at 
/y at 


_$/. 

$/ 


I 


Maintenance Costs; 
Labor: h/y at 


J. 


Supplies: 

Outside Services; _ 
Total Cost; 


_$/h 

_$/y 

J/y 


$/y 


* Includes energy use 


4.2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal 


0.42 $/h 


$/ 


0,42 


$/ 


$/ h 


8.54 


$/ h 
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Revision 


5. Salvaged Material (Work-in-process) 


5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work- in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 
After Applying Re-Process 

5.23 Credit for 5.22 at the Market Value of '%/ 

^ 5.24 Cost of Reprocessing Material of 5.22 

at the Average Reprocessing Cost of $/ ^ 

5.25 Net Credit for 5.22 (5.23 minus 5.24): 

5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 

5.3 Cost of Work-in-Process Lost (Amount 5.26 -Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.2 Times Unit Cost from 1.1) 

Salvaged Materials Summary: 


1.0835 

m2 

/ h 

0.0109 


/h 



/'~ 


— 

$/- 


- 

j 

$/■ 

0.0109 


/ h ■ 


' 3.84 $ / h 

380.29 $/ h 
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6. Byproducts and Wastes 

_6.1 Solid Byproducts/Wastes 

6.1_ Type (Composition): 

Physical Shape/Sise: 

3 

Density: ,_g/cm ; Water Solubility: 

Toxicity: Biodegradable: 



V 


Type of Disposal: 

Input Material for: 


6.2 Liquid Byproducts/Wastes (inorganic); 

6.2_1 Type (Composition): From cleaning cassettes 

3 

Density: ^g/cra ; Suspended Solids: 

Toxicity: Heavy Metal Content: 


Type of Disposal: 


Input Material for; 
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6.3 Liquid Byproducts/Wastes (organic) 


Form ll 
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Carry from Form 10 I $/ 


6.3 Type (Composition): 


Density 

Ignition Point 


_g/cm ; Toxicity: 


Quantity Produced 
mg/1; B0D:_ 


C; Explosive Mixture in Air: % to %; Other Remarks: 


Type of Disposal: 

Input Material for: 


Cost(Credit) 


Cost ; 


6,4 Fumes, Gaseous Byproducts/Wastes 


6.4__1 Type (Composition) : ftiines or ©xhuast gases Quantity Produced: 1400 ft;/^/inin 




Energy Content (Combustion) 


; Explosive Mixture in Air 7 „ to 


Ignition Point 
Toxicity 


_°C; Aerosol ! 8 Precipitates in 
Requires Scrubbing n T 


minutes 


'Type of Scrubber: 


(enter scrubber under 4.1, •4.2, scrubber effluent under 6.1 to 6.3) 
Other remarks: Fumes composed of air. No, Ho and PH„ 


Type of Disposal; Power of fan taken from Motorola, (0.46 kW/1000 ft^/min). 


Operating Costs: 180 $/_ 


Cost: I 0.02 $/h 


6. Subtotal: Byproduct/'Waste Disposal Cost; 


O'. 02 $/h 
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7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 
7.22 Other Indirect Costs; . . % of 7.11 


.22 Other Indirect Costs; 




7.21 Total Operating Add-on Costs of Process; 

7.22 G & A 7 . of 7.21 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit ‘Used up to 7.35 



26,54 

$/ 

h 

380.29 

$/ 

h 

$/ 


406.83 

$/ 

h 


7.51 Cost of -Unit of Good Output Work-in- 
Process (7.37 i 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 f 7.44) 



375.65 $/m^ 


24.51 


$/ 


m 



Process 
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2 Alternate 2 (SAMICS Methodology) : 

8.21 Profit Computation: 

0.9274 * 8.12 $ / h ^from Subtotal 4.1 = 7.53 h 

1.946* 0.42 $ / h from Subtotal 4.2 = 0 » h 

Subtotal = 8.35 y h 

8.22 Costs of Amortization of the One-Time Cost: 

0.192* 4.66 $ / h from Subtotal 2.7 = 0.89 $/ h 

0.192 * 8.96 $ / h from Subtotal 3.5 == 1*72 $/ h 

0.2958* $/ ^ from Subtotal 4.1 = ^ ‘ $/ ^ 

2.77* 0.42 $/ h from Subtotal 4.2 = 1.16 $ / h 

Subtotal = 6.17 $/ h 

8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start-rup Costs per Unit of Good Output 
Work-in-Process: 

(Divide Subtotal 8.23 by 1.083 / h from 7.44) 

13.41 $/ 

8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


14.52 $/ h 


1 

37.9 2 

$/ 

388.06 

$/ 
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,0. Output Specification: 

Name of item: Wafers with 5N -junctions (phosphor<us implanted) 

Dimensions: V.62— cm diameter 

Material- Solar grade silicon 


Process No. 


« L 


- 0 


Other Specifications: 




Process No ■ [T| . 1X1 . [o I zk lo) 2j 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Device Fabrication 

Subprocess: Formation of Potential Barrier 

Option: Open t\abe n-type diffusion using 

phosphine gas (Spectrolab) 



INDEX 


C7 


















Form 2 


Process No. 
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0.1 Value Added: 


Revision Date 1/79 


-$/ 




Process Description: Open tube n-type diffusion using 0.05% phosphine in nitrogen. One run contains 

75 wafers, 7.62-cm dia. each. Total cycle time is 35 minutes, phosphine flows for 5-10 minutes. 

Two 1-tube furnaces are used, handled by 1 operator, 1.5 shift operation. Most time is spent 
manually loading and unloading diffusion boats. Calculation made on 3 shift basis. 


1. Input Specification: 

I 

~ Name of Item: Silicon wafers, texture-etched. 

Dimensions: 7.62-cm diameter 


Material: Cz grown silicon, (100) orientation 

Other Specifications: 


1,1 Quantity Required : 0 • 34 20 3 m^ / run 

Unit Cost: 

351 $/ 


1,2 Input Value: 

12 0.05 $/ run 


1,3 Input Cost: 

. . . $/ 


Note to It-em 1.3: Use price, if input produced in own plant. 



Flow rate is 20 mVn>in/f urnace tube 












Process No. cu.s.n 


0 


2.2 Indirect Materials (incL. supplies and non-energy utilities): 
2.2 1 Type ; Nitrogen eras 


Form 4 

Page ^ of l 
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Specification: From liquid nitrogen (One liter of LN 9 yields about 500 A of 

gas). Gas flow rate is 1 ^/min/tube. Cost of liquid LM 9 is 15.66/ff^ 
(SAMICS C1080D)* 


Quantity Required: 


35 Z 


/run. Unit Cost: CuOO^C^/ I 


2 . 2^2 xype: Oxygen gas 


Specification: 




Quantity Required: Minimal 


/ 


Unit Cost: 


$/ 


2.23 Type: 1;3:5 wt. ratio of HF:HNQ-^;HgO _ 


Specification; Used for cleaning the quartz ware (tube and boats). 
Consumption is 2 ^-/day (2 cleanings). 


Quantity Required: 


0.05 


Cost; 


Cost ; 


^ / run ; Unit Cost: 1.00 $/ ^ ; Cost: 


2.2 Subtotal Indirect Materials: 


0.014 $/ run 


$/ 


0.05 $/ run 


0.064 $ / run 



Process No 
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2.3 Expendable Tooling: 

2. 3 _1 Type: Quartz boats - replacements for each .furnace tube 


Revision 4/79 Date 1/79 


Quantity Required: 7 boats ' / y ; Unit Cost: 50 $/ boat Co5t: I 0.025 $/ run 


2 . 3 _2 Type : Furnace tubes 


2.3_ Type: 


2.3_ Type: 


Quantity Required: 


Quantity Required: 


Quantity Required: 


_2 t ubes / V : Unit Cost: 500 $ / tube Cost: I Q.07 $/ run 


I : Unit Cost; 


$/ Cost: 


J ; Unit Cost: $/ Cost; $/ 

2 3 Subtotal Expendable Tooling: D. . 095 $/ run 


2.4 Energy 


2. 4 _1 Type: Electricity ^ 8 kW/tube, 17.5 % duty cycle 


_Quantity Required: 0.817 kWh/run ; Unit Cost : 0 . 0 319$/kWh Cost:! 0 . 026 $/ run 


2.4_ Type; 


^Quantity Required: 


Unit Cost: %t Cost: $/ 

2.4 Subtotal Energy Costs: 0.026 $/ run 



Process No. 




3.3 Subtotal 3.1 and 3:2 


3.4 Overhead on Labor: 


3.5 Subtotal Labor 


2.09 


$/ run 



Process No 


•o.iD.Eni-En] 
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4.1 Equipment 

4.1 1 Type; 2 Furnaces with 1 tube each, incl. temperature _and gas flow cnrihrol p; 1 — 

Cost; ea. 15,000 $; Installation Cost: included $; Throughput: 3.4 runs /h; 

Plant Oper'g Tim e 8280 h /y; Machine Avail 'ty: 99 .8 %; Machine Oper'g Tim e 8260 h /y 
Servicing Costs: Labor 20 h /y at 8,12 $/h;Parts or Outside Service. $/y 


Useful Life: 


y; Charge Rate; 21.35 % of Cost/y; Capital Cost:_ 


6730 


4.1 2 Type: Exhaust system for furnace - shared between two furnaces 

Cost: 5,000 $; Installation Cost: included $; Throughput: 3.4 runs 


_/h; 




4.1_3 Type; Tube cleaning tower - shared behween -hwo ■FiTrnar<P»c! 

Cost: 10,000 $; Installation Cost; 5,000 $; Throughput: 


Plant Oper’g Time_ 


$/y 


Plant Oper'g Tim e 8280 h /y; Machine Avail' ty; 99 .8 % ; Machine Oper'g Time 8260 h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life; 7 y; Charge Rate; 21.35 % of Cost/y; Capital Cost: 1,065 $/y 


3.4 runs /h; 

h/y; Machine Avail'ty; 99 .8 % ; Machine Oper'g Tim e 8260 h /y 

_$/y 

$/y 


1^/y at — $/h;Parts or Outside Service 


Servicing Costs: Labo r 
Useful Life; 7 y; Charge Rate; 21.35% of Cost/y; Capital Cost: 


3,200 


4.1 Subtotal Equipment Cost: 


0 . 240 $/run 


0.038 $/run 


0.114 $/r 


un 


0.392 $/run 



Process No 


. [I].Q.C3Il"ELi 


4.2 Facilities: 

4.2_lxype: Area for 2 furnaces 
Charge Rate: 179 . 13* 


Form 8 
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Heating 
Air Cond'g 
Lighting 


Energy Use: 
/y at _ 

h at _ 

/y at _ 


2 

Floor Area: 13 m ; Throughput: 28,000 runs /y 

2 ^ wmm «... 

_$/(m *y); I Maintenance Costs: 

Labor: h/y at $'/h 

^ Supplies: $/y 


Supplies : 

Outside Services: 


Total Cost: 


2320 


4.22 Type; Cleaning tower area Floor Area: 3.3 m ; Throughput: 28,000 runs /y 


Charge Rate: 


179.13* 


$/ (m -y) ; 


Heating 

Air Cond’g 

Lighting 


4.2_ Type: 

Charge Rate: 

Heating 

Air Cond'g 

Lighting 


Energy Use; 
/y at _ 

/y at _ 

/y at _ 


Floor Area: 


_$/ (m -y) ; 


Energy Use: 


Jy at __ 

$/ 

/y at 

$/ 

/y at $/ 


'Includes energy use 


Maintenance Costs: 

Labor: ^h/y at $/h 

Supplies: $/y 

Outside Services: $/y 

Total Cost: 600 $/, 


m ; Throughput: 

Maintenance Costs 

Labor: h/y 

Supplies: 

Outside Services: 


Total Cost 


4.2 Subtotal Facilities: | 0.104 5 / run 


0.083 $/run 


$/v j 0 . 021 $/run 



4,3 Equipment and Facilities Subtotal : } 0.496 $/run 
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5. Salvaged Material (Work- in-process) 


5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 input work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5.21 which is sold for Credit As-Is or 
After Applying Re-Process 




5.23 

5.24 




5.25 


Credit for 5.22 at the Market Value of $/ 

Cost of Reprocessing Material of 5.22 

at the Average Reprocessing Cost of $/ 

Net Credit for 5.22 (5.23 minus 5.24): 


0.999 run /run 


0.001 run / run 

/ 

■ ^$/ 

$/ 


I 


.?/ 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


0 . 001 run / . run 


5.3 


5.4 


Cost of Work-in-Process Lost (Amount 5.26 Times Unit Cost 1.1) 

contained in Good Output Work-In-Process (Amount 5.21 Times Unit Cost 1,1) 
Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount Times Unit Cost from 1.1) 


0.12 $/rua 


119.88 $/run 


Salvaged Materials Summary; 


5.8 

Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 

$/ 







Type of Disposal; 

Input Material for: 


6.2 Liquid Byproducts/Wastes (inorganic): 

6.2_lType (Composition); Contaminated acid 

3 

Density: g/cm ; Suspended Solids: 

'N Toxicity: Heavy Metal Content: 


Type of Disposal: 


Input Material for: 


Form 10 
Page 1 of 

Date 1/79 


Revision 

Quantity Produced: 

Energy Content: 

_g/l at *^C; 

Other Remarks: 

Cost/ (Credit) $/ ; Cost; $/ 

«k 

Quantity Produced; 1, &. / d 

Amount: m'g/1 pH; 

mg/1, Other Remarks: ^ 

Cost/ (Credit) ^$/ Cost: $/ 

r — ■ 1 1 ii..i m u i i n 

• -Carry: 
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6.3 Liquid Byproducts/Wastes (organic) 
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Carry from Form 10 


6.3_ Type (Composition) 


Density ; 

Ignition Point 


_g/cm ; Toxicity: COD: 

°C; Explosive Mixture in Air: % 


Quantity Produced 
mg/1; BOD; 


%; Other Remarks: 


Type of Disposal: 

Input Material for: 


Cost(Credlt) $/ 


6.4 Fumes, Gaseous Byproducts/Wastes 

6.4 1 Type (Composition): with PH- 


Quantity Produced: 1 ^ / min./ furnap 


Energy Content (Combustion) : k VJh/ ; Explosive Mixture in Air % to %. 

Ignition Point: — °C; Aerosol ^ I Precipitates in minutes pH 

Toxicity ? Requires Scrubbing □ 'Type of Scrubber: 


Toxicity 


'Type of Scrubber :_ 


(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6.3) 
Other remarks: 


Type of Disposal: 


Operating Costs: 


6. Subtotal: Byproduct/Waste Disposal Cost: 


Form 12 
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7. Process Cost Computation 
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7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 


7.22 Other Indirect Costs: 

f0.059*(4.1)+0.108*f4-:2±r 


% of 7.11 


7.21 Total Operating Add-on Costs of Process; 

7.22 G & A % of 7.21 


7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 





7.34 Specific Add-On Cost of Process ’ (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 


7.36 Loading on Item 7.35 at Rate 


— % 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 

work- in-process do not equal input units) 0.34203 


m 


7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit ’Used up to 7.35 


/ run 
99.9 % 


0.34169^ ^ run 


0.34169 / run 


7.51 Cost of Unit of Good Output Work-in™ 
Process (7.37 t-7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 v 7.44) 


2.787 $/run 


0.034 $/run 


0.12 


2.942 $/run 


119.88 $/ 
— $/ 


122.82$/ 


359.45 $/ 


m 


8.61 


$/ 


m 
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8.2 Alternate 2 (SAMICS Methodology): 
8.21 Profit Computation: 


0.9274* 

0.392 

$/ 

run 

1.946* 

0.104 

$/ 

run 

Costs of 

Amortization 

of the One- 

0.192* 

0.201 

$/ 

run 

0.192* 

2,09 

$/ 

run 

0.2958* 

0.392 

$/ 

run 

2.77* 

0.104 

$/ 

run 


from Subtotal 4.1 
from Subtotal 4.2 
Subtotal 


0.364 ^ / run 

0.202 run 

0.57 $/ run 


0.192 * 0.2U1 $/ run from Subtotal 2.7 = 0.0 39 $/ run 

0.192* 2.09 run from Subtotal 3.5 = 0.401 $/ run ■ 

0.2958* 0.392 $/ r un from Subtotal 4.1 = 0.116 $/ run 

2.77* 0.104 $/ run from Subtotal 4.2 = 0.288 $/ run 

Subtotal . = 0.84 4 $/ run 

8.23 Total Net Cost of Equity (8.21 + 8.22): 

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process: 

(Divide Subtotal 8.23 by 0 . 3417 / run from 7.44) 

4.13 $ / 

8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


8,24 Profit and Amortization of Start-up Costs per 
Work-in-Process: 

(Divide Subtotal 8.23 by 0 . 3417 


1.410 $/ run 


12.74 $/ 

36 3 i 58 $/ 


Form 15 
Page _L, of _1 


Process No. 


3 [ 1 |o i 1 -fo 


0. Output Specification; 

Name of item; Silicon wafers with PN -junction 

Dimensions ; 7.62~cm diameter 

Material: purity silicon 
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Other Specifications: 
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University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process: Device Fabrication 

Subprocess : Formation of potential barrier 
Option: Phosphorus diffusion using phosphi ne (PH^) 

in argon (Motorola) 
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Process Description: Open tube n-type diffusion usincr phosphine in argon. An 8 -tube furnace module 

is . used, h andled b y .. A . opera tor, in .3 shift opegatinn. . 1_ run contains 12^ waff^rs ^ ^-^gn-iring 

1 h process time. 


Process No. 


1. 




Input Specification; 

Name of Item; Silicon wafers with boron back layer 

Dimensions; l2-cm diameter ; 

Material: High purity single crystal silicon with B dopant 

Other Specifications* Wafers have been diffused with BCI 3 , etch-step applied to back surface, oxide 

removed/ etched on front surface, centrifuge— rinsed/dried, plasma cleaned, texture-etched, and 
centrifuge-rinsed/dried again. 1 run contains 125 wafers of 1.4137 m^ . 8 tubes operate 

simultaneously. At 90% equipment availability, production rate is 10.18 m /h. 


fy 

1.1 Quantity Required; 10 . 18 m^_ / h Unit Cost; 41. 21 $/ 



— 

1,2 Input Value: 

419.52 $/ h 

1,3 Input Cost; 

$/ 


^otG to Item 1,3: Use price, if input produced in own plant. 



Process No. UJ . LU . I 0 I -M i 

2.1 Direct Materials: ^ 

Revision 4/79 

2.1_1 Type: Phosphine gas » 

Specification: Cost of the phosphine is 828.07/ft^ (Motorola). 

Consumption is 0.1164 ft /h (for 8 tubes). Flowing only during machine 


Form 3 

Page _3^ of _1 
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availability 


Quantity Required: 
pe 

Specification: 


Unit Cost: 0.991 $/ i 


2.9 4 $/ h 


Quantity Required: 


/ ; Unit Cost 


Specification: 


Quantity Required: 


Unit Cost 


2 1 Subtotal Direct Materials 

■ 

2.94 $ 


■ 













Process No. 


2.2 


Q.S.C 



Indirect Materials (incl, supplies and non-energy utilities): 


Form 4 
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2.21 Type : Argon gas ; 

Specification: Used as the carrier gas for phosphine. 

Cost is $0.14/ft3 (SAMICS E1112D), 

Consumption is 14.8 ft^/h (for 8 tubes) during 0.95 of time. 

Quantity Required: 398 Z / h ; Unit Cost: 0.005 $/ % ; Cost: 

2.2^ Type: 


1.99 $/ h 


Specification: 




Quantity Required: 

/ : Unit Cost: $/ ; Cost: 

s/ 

Type; 

Specification: 

1 

1 

i 

$/ 


j 

Quantity Required: 

/ ; Unit Cost: $/ ; Cost: 




2.2 Subtotal Indirect Materials: 

1.99 $/ h 




Process No. 


Fi.iri.frrri-r^ 

2.3 Expendable Tooling: 

2.3 1 Type: Quart zware (tubes and heats) replaced anr 


2.3_ Type: 


2.3_ Type: 


2.3_ Type: 


Quantity Required; 1. tube set /54QQ h'.Unit Cost: 


Quantity Required: 


Quantity Required: 


Quantity Required: 


Unit Cost; 


Form 5 
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incl. boats 


$/ Cost; 


3:. 14 $/ h 


: Unit Cost: $/ Cost; 


/ : Unit Cost: $/ Cost: 


2 3 Subtotal Expendable Tooling: | 1> 14 $/ h 


2.41 Type: Electricity, 140 kW name-plate rating, 50% 

off hours. 

Q uantity Required: 7f) kW 

2.4_ Type: 

- Quantity Required: 


,: Unit cost; 0 .0315 $ /kwh^ Cost;) 2.23-3 $/ h 


Unit Cost: $/ Cost: $/ 

2.4 Subtotal Energy Costs: 2.233 $/ h 
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3.1 Direct Labor 


_Ac t ivl ty ; Machine opp.ra-hor 


3.1_1 Category: Semiconductor AsseTnbl er 
(SAHICS B3096D) 

Amount Required; 1 h / h ; Rate: $ 3.Rq /h; Load__3£_C— ^ = 


3.1__2 Category; Maintenance Mechanic 
(SAMICS B3736D) 

Amount Required; 0.1 h / h 


3.1 Category 


A ctivity ; qia-riT-i o-a and repair r- 

; Rate; $ ' 5.67 /h; Loa d . n Cost; 

^Activity : 


Amount Required: 


h/ 


; Rate: $_ 


/h; Load_ 


%; Cost; 


3.1 Direct Labor Subtotal; 


3.2 Indirect Labor: Taken as .25% of direct 


Activity: 




3.2 Indirect Labor Subtotal; 


5.29 $/h 


JX.a-7- 


$/ 


$/ 


. 6. .06 $/ h 


Amount Required: 

h/ 

; Rate; $ 

/h; Load 

%; Cost: 

$/ 

3.2 Category: 


Activity: 




Amount Required; 

h/ 

; Rate: $ 

/h; Load 

%i Cost; 

$/ 

3.2 Category: 


Activity; 

* 



Amount Required; 

, h/ 

; Rate: $ 

/h; Load 

%; Cost: , 

$/ 


1.52 $/h 


3.3 Subtotal 3.1 and 3.2 

3.4 Overhead on Labor: 5,26 % 


3. ,5 Subtotal Labor 


7.58 , $/h 

0.4(1 $/h 


7.98 


$/h 
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4.1 Equipment 
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Type:_.^ermco eight- tube diffusi on., furnace . typ^ 4nnn ^7? lonpo 

Cost: 49,271 $; Installation Cost: $; Throughput: m.i» m2 /h; 

Plant Oper'g Tim e 82 80 h / y ; Machine Avail 'ty: 9 0 %• Machine Oper'g Time 7450 


Servicing Costs: Labor 
Useful Life; 7 


_h/y at — $/h;Parts or Outside Service: 


_$/y 


y; Charge Rate; 21.35 % of Cost/y; Capital Cost; 10.520 


_h/y 


$/y 


4.12 Type; Eictht process .controllers for above ■Fnmaoe. 

Cost; 16,000 $; Installation Cost: $; Throughput; 10.18 /h: 


Plant Oper'g Tim e 8280 

Servicing Costs.: Labor 

Useful Life; 7 y; Charge Rate; 21.35 % of Cost/y; Capital Cost: 


_h/y; Machine Avail 'ty; 90 % ; Machine Oper’g Time 7450 h/y 

^h/y at $/h;Parts or Outside Service: — $/y 

$/y 


. 3.416 


4.1^ Type; Exhaust sys-ha-m 

Cost; n.a. installation Cost; 


_$; Throughput: 


/hi 


Plant Oper'g Time 


_%; Machine Oper'g Time 


h/y; Machine Avail 'ty;__ 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: 


_h/y 


$/y 


_$/y 


1.27 $/ h 


4.1 Subtotal Equipment Cost: 


(L-4-1Ji $/ 


3 / 


1.68 


$/ 


run 
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4.2 Facilities: 

4 , 21 Type: Machine area 
Charge Rate: 179 . 13 


Floor Area: 25.5 


$/(m *y); 


Heating I 

Air Cond'g \ 

Lighting \ 


_ Type: 

Charge Rate; 


Energy Use: 


/y at 

J/, 

included /y at 

$/ 

/y at 

$/ 


Heating 

Air Cond ’ g 

Lighting 


4.2_Type: 

Charge Rate;_ 


Heating 

Air Cond'g 

Lighting 


Energy Use: 
/y at _ 

/y at _ 

/y at _ 


Energy Use: 
/y at _ 

/y at _ 

/y at 


; 2S.SS m ; Throughput: R42q0 t 



• Maintenance Costs: 

t Labor: h/y at 

^ Supplies: in cluded 

^ Outside Services: 


Floor Area: 


$/(m *y); 


I Total Cost; 4580 


: m ; Throughput ; 

i Maintenance Costs: 

"I 

^ Labor: h /y at 

Supplies : 

1 

Outside Services; 

Total Cost 


$/y I 0.553 $/h 


Floor Area: 


$/(m *y); 


m ; Throughput: 

Maintenance Costs 

Labor: h/y at 

Supplies: 

Outside Services; 

I I T Ml. I ■ 

Total Cost 


4.2 Subtotal Facilities: j 0.553 $/h 


4.3 Equipment and Facilities Subtotal : [2.24 $/ h 
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Proce=.No.|TD.CD.[0lI]"E[I] 

6.3 Liquid Byproducts/Wastes (organic) 
6.3_ Type (Composition): 


Form 11 
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Carry from Form 10 


Quantity Produced: 


Density: 


COD: 


Ignition Point :_ 


_g/cm ; Toxicity: 

^°C; Explosive Mixture in Air: 


_mg/l; BOD: 


jng/i 


% to 


%; Other Remarks: 


Type of Disposal: 


Input Material for: 


Cost(Credlt) 


$/ 


■Cost : 


6.4 Fumes, Gaseous Byproducts/Wastes 

6.4_1 Type (Composition): argon, air 

Energy Content (Combustion): ,, k VJh/ 

Ignition Point: 

Toxicity 


^ Quantity Produced: 125 ft / ^ min 

Explosive Mixture in Air 7c to 7c. 

minutes 


°C; Aerosol f t Precipitates in ^ 

Requires Scrubbing ^ I 'Type of Scrubber: 


pH_ 




(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6.3) 

Other remarks: .Fumes from furnace. Exhaust fan operates continuously, 
Electrical constunption is 0.46 kW/1000 CFM 

Type of Disposal: Exhausted' into atmosphere 


Operating Costs: 16.08 . $/' y 


Cost : 


6 . Subtotal: Byproduct/Waste Disposal Cost: 


$/ 


$/ 


0 ..0p2 $/ h 


0.002 $/ h 
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Process Cost Computation 7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 

7-22 pthe^i Indirect Gostev f, % of 7.11 

18.96 $/ h 

0.16 $/ h 



7.21 Total Operating Add-on Costs of Process: 

7.22 G & A % of 7.21 

19.12 $/ h 

$/ 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


$/ 

o 

CM 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

^ 7.36 Loading on Item 7.35 at Rate % 

23.32 $/ h 

415.40 $/ h 

$/ 

■ - 


7.37 Coat of Output Work-in-Process (7.34 + 7.35+ 7.36) 

438.72 $/h 

7.41 Theoretical Yield (or Conversion Rate, if output units of 

work-in-process do not equal input units) 10.18 /h 

7.42 Practical Yield 99 % 

7.43 Effective Yield (7.41 x 7.42) / 

7.44 Number of Units of Good Output Work-in-Process per i a 2 v. 

Computation Unit "Used up to 7.35 ' ni y n 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7,34 ^ 7.44) 

«,2 

43.53 $/ ^ 

2.32 

$/ 



0 . 0 . 


Revision 4/79 Date 1/79 
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8.2 Alternate 2 (SAMICS Methodology): 

8.21 Profit Computation: 

0.9274* 1.68 $ / h from Subtotal 4.1 = $/ ^ 

1.946* 0 . 553 $ / h from Subtotal 4.2 = 1.08 h 

Subtotal = 2.64 $/ h 

8.22 Costs of Amortization of the One-Time Cost; 


0.192* 

8.74 


h 

from 

Subtotal 

2.7 = 

0.192* 

7.98 

JL 

h 

from 

Subtotal 

3.5 = 

0.2958*_ 

1.68 


h 

from 

Sub to tal 

4.1 = 

2.77* 

0.553 

$/ 

h 

from 

Subtotal 

4.2 = 


Sub to tal 

8.23 Total Net Cost of Equity (8.21 + 8.22); 


5.24 $/ h 


8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process: 

(Divide Subtotal 8.23 by 10.08 / h from 7.44) 


0.78 $/ 


7.88 $/ h 


3.10 $/ 

44 . 3 1 $ / 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


Process No 
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Output Specification: 

Name of item: Silicon wafers with BSf -[junctions 

Dimensions : 12— cm diametar 

Material: high purity silicon 


Other Specifications; 
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Form 1 


University of Pennsylvania 
PROCESS CriARACTERIZATIQN 
(UPPC) 

Process : Device generation 

Subprocess : Junction formation 

Option; Formation of front- junction by open- 
tube diffusion with PQCl.^^ (RCA) 


INDEX 
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Process No. |^| , |_jJ ^ L° | .1.1 | _ jj j | 0.1 Value Added; $/ 

Process Description: Dopant is introduced by decompositio n of POCI 3 in diffusion furnace. There 

is a 10-minute pre-heat cycle in nitrogen, 4 5-minute cycle for diffusion and 


a 10 minute cool down cycle with a 90:10 ^ 2:02 mixture. 



Wafer is 




e with a resistivity of 1-5 


is[ [ 100 ] ] , 


Back side of wafer is protected with silica 



Note- to Item, 1.3: Use price, if input produced in own plant. 








Process No. a.n.c: 


2.2 Indirect Materials (incl. supplies and non-energy utilities) 
2.2 1 Type: Nitrogen 


Revision 


Porm 4 

Page 1 of 1 
Date 3/79 


Specification: 1360 cm^ required per wafer 


Obtained from liquid nitrogen (SAMICS CIO SOD) 


Quantity Required: 
2.22 Type: Oxygen 


2312 


a I b ; Unit Cost: 0.0004 $/ ; Cost: 


Specification: 33 cm required per wafer 




Cost is 0.0052 $/ft (SAMICS E1448D) . 


Quantity Required: 
2.2_ Type: 


56.1 / h ; Unit Cost: 0.000184/ £ 


Specification: 


Quantity Required: 


/ ; Unit Cost; 


$/ 


Cost : 


0.92 $/ h 


Q.03 


; Cost: 


2.2' Subtotal Indirect Materials: 


$/ 


0-9 3 ?/_h_ 





2.4 Energy 

2.4 __1 Type; Power requirements are 40 

^Quantity Required; 

•2.4_ Type; 


Quantity Required: . 


Form 5 

Page 1 of 1 




2.5 Subtotal 2.1 to 2.4; 

2.6 Handling Charge: 5.26% of item 2.5 


1 

$/ h 

! 1.12 

_S/ h 



10.33 $/ h 


2.7 Subtotal Materials and Supplies; 
(2.5 + 2.6) ■ 




Process No 


.□.cnii-iini 
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Revision 


■ 3.1 Direct Labor: 


3.11 Category; Semiconductor assembler 
(SAMICS B3096D) 

Amount Required; n h/ . h ; 


3 . 1 2 Category: Maintenance mechanic 

~ (S^ICS B3736D) 

Mount Required; 0»15 h / h 

3.1_ Category: 

Amount Required; 'a./ 


3.2 Indirect Labor: Taken as 25% Of direct 


Activity: Machine operation and atten dance 

Rate: $ 3.894 / h; Load 36.0 % ; Cost: 

Activity ; Service and repair of furna ce 

Rate: $ 5.67 /h; Load 36.0 %; Cost: 


^Activity 


Rate; $ 


/h; Load 


%; Cost: 


3.1 Direct Labor Subtotal: 


3.2_ Category: 


_Activity : 


Amount Required : 


Rate: $ 


3.2_ Category; 


_Activity :_ 


Amount Required: 


j Rate: $_ 


3,2_ Category; 


Activity; 


Amount Required ; 


; Rate: $ 


/h; Load 


/h,; Load_ 


/h; Load 


%; Cost; 


%; Cost: 


Cost: 



3.2 Indirect Labor Subtotal: 


3.3 Subtotal 3.1 and 3.2 


3.4 Overhead on Labor; 5.26 % 


1.85 $/h 


1.16 $/h 


3,01 $/h 



3.5 Subtotal Labor 





Process No. EZI.1I3. 

4 . 1 Equipment 


0 1-0 
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4.ll Type; POCI3 diffusion furnace (Thermco SPARTAN furnace) 


Cost; 66,600 

$; Installation Cost: $; Throughput: 9.12 in^ 

/h; 


Plant Oper'g Time 

8280 h/y; Machine Avail 'ty: 85 Machine Oper'g Time 


h/y 

Servicing Costs: Labor 

h/y at $/h;Parts or Outside Service: 

$/y 


Useful Life: -7 

y; 

Charge Rate: 21.35 % of Cost/y; Capital Cost: 14,200 


$/y 

Type = Furnace liners. 

paddles and heat coil 



Cost : 21,600 

2 

$; Installation Cost: $; Throughput: 9.12 m 

/h; 


Plant Oper'g Time 

8280 

h/y; Machine Avail ’ty: 85 %; Machine Oper'g Time 


h/y 

Servicing Costs: Labor 

h/y at $/h;Parts or Outside Service: 

$/y 


Useful Life: 7 

y; 

Charge Rate: 21.35 % of Cost/y; Capital Cost: 4,600 


$/y 

Type: Clam shell 

unloader and cassette stacker 



Cost: 18,000 

$; Installation Cost: $; Throughput: 9.12 

/h; 


Plant Oper'g Time 

8280 

h/y; Machine Avail 'ty: 85 %; Machine Oper’g Time 


h/y 

Servicing Costs: Labor 

h/y at $/h;Parts or Outside Service: 

$/y 


Useful Life; 

y; 

Charge Rate: 21.35 % of Cost/y; Capital Cost; 3,800 

• 

</> 


4.1 Subtotal Equipment Cost: 


1.72 $/h 


0.46 


2.74 


0.56 $/h 


$/h 


$/h 



Process No. 


a. s. 03-03 


4.2 Facilities: 

4.2„1 Type; Furnace area 

Charge Rate: 179 . 13* 

lit tfMV 

Energy Use 
Heating /y at 


•Revision 


Heating 

Air Cond 'g 

Lighting 


4.2_ Type: 

Charge Rate; 

Heating 

Air Cond'g 

Lighting 


4 . 2__ Type : 

Charge Rate:_ 

mm mam <s>mm mmm mmrn 

Heating 

Air Cond'g 

Lighting 


_/y at 
_/y at 


Floor Area; 25.55 m ; Throughput; 64,200 m /y 

I — Maintenance Costs: 

Labor: h/y at $/h 

^ Supplies: $/y 

$/ ^ Outside Services: $/y 


• 

> • 

rnmm> mms 

" Labor 



i 



1 



L _ 

— I 


Energy Use ; 
/y at _ 

/y at _ 

/y at 


Floor Area:_^ 

$/(m^-y); ^ 

w^m amm 


Floor Area: 


_$/(m *y); 


Energy Use; 
!y at _ 

/y at __ 

/y at 


* Includes energy u§;e 


Total Cost: 4^600 $/ 


2 

m ; Throughput: /y 

t Maintenance Costs: 

I Labor: h/y at $/h 

I 

^ Supplies: $/y 

^ Outside Services: $/y 

Total Cost: ^/y 


2 

m ; Throughput: ^ /y 

ys- — » “> mmm 

I Maintenance Costs: 

I Labor; h/y at $/h 

j Supplies; $/y 

Outside Services: $/y 

Total Cost; ; ^?/y 


4.2 Subtotal Facilities; 


4.3 Equipment and Facilities Subtotal : 


Form 8 
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0.55 $/ h 


0.55 







/ 
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5. Salvaged Material (Work-in-process) 

■ 5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 


7.675 / h 


5.21 Input Work- in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of '5.21 which is sold for Credit As-Is or 
After Applying Re-Process 




0. 0.7 75 /h 


/ 


5.23 Credit for 5.22 at the Market Value of $/ 


$/ 


5.24 Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 


$/ 


5.25 Net Credit for 5.22 (5.23 minus 5.24) : 

Material of Type 1. Lost in Process (5.21 minus 5.22) 



Cost of Work-in-Process Hot Contained in Good Output Work-in-Process 
(Amount 5.21 Times Unit Cost 1.1) 

Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.1 Times Unit Cost from 1.1) 


S/ 


0.0775 , m 


/ 


h 


Salvaged Materials Summary; 


$/ 


3.19 $/ h 


316.29 $/ h 
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7. Process Cost Computation 


7,11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 

7.21 Total Operating Add-on Costs of Process: 

7.22 G & A % of 7.21 


7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


17.58 $/h 


0.22 $/h 


17.80 $/h 


$/ 


17.80 $/h 
$/ 


3.19 $/h 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 


7.36 Loading on Item 7.35 at Rate 

^ ■ “ r i Tfn-r iiaM if inM->ii-i>MrMTinTTrTTWTTr 


% 



7.41 Theoretical Yield (or Conversion Rate, if output units of 
work-in 7 process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 

2 




7.753 


m 


/ h 


99.0% 


7.675 / 


337.28 $/h 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 t 7.44) 


43.9 4 $/ nr 
2.73 m m2 





Process No 


Revision 
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8.2 Alternate 2 (SAMICS Methodology): 
8,21 Profit Computation: 


0.9274*_ 

2.74 

_$/_ 

h 

from Subtotal 

4.1 = 

2.54 

_$/_ 

h 

1.946* _ 

0.55 


h 

from Subtotal 

4.2 = 

1.08 


h 





Subtotal 

= 

3.62 


h 

Costs of 

Amortization of the 

One-Time Cost: 





0.192*__ 

10 .‘33 

_$/_ 

h 

from Subtotal 

2.7 = 

1.98 


h 

0.192* 

3.96 


h 

from Subtotal 

3.5 = 

0.76 


h 

0.2958*_ 

2.74 


h 

from Subtotal 

4.1 = 

0,81 


h 

2.77* 

0.55 


h 

from Subtotal 

4.2 = 

1.53 


h 


Subtotal 

8,23 Total Net Cost of Equity (8,21 + 8.22): 


5.08 $/ h 


8,24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process: ^ 

(Divide Subtotal 8.23 by 7.675 ni / h ^from 7.44) 


1.13 $/ m 


3.86 

45.07 


8.25 Price of Process (7.52 + 8,24) 

8.26 Price of Work-in-Process (7,51 + 8.24) 
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Process NO. [Z] EH i ° I H ~ l ° M 

Revision Dat e 3/79 

0. Output Specification; 

Name of item: Wafer with NP-junction 

Dimensions : 7.62-cm diameter 

Material: High purity silicon 


Other Specifications; 


Wafers are contained in 500 sheet cassettes. 




Process No. | | fl [ [o~ 1—0 1 

3.1 - 0 1-07 

University of Pennsylvania 

PROCESS CHARACTERIZATION 
(UPPC) 

Process: Device Fabrication 

Subprocess : Formation 

Option: Projected Ion Implantation (both sides) 

(RCA) 
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0.1 Value Added: 


V. 


Process Description: Ion implantation of phosphorous and boron ions to form wafer with a npp*~ junction. Output of 

machine is 2000 3" cells/h (both sides) but machine availability is 85% for an effective output rate of 1700 cells/h. 


Cell output is 0.717 watts. Mach ine current is 10 mA per ion beam. Front junction dosage of phosphorous is 1 x 10 

2 14 2 

ions/m and the boron dosage is 5 x 10 ions/cm . 


15 


1 . 


-<1 


Input Specification: 

Name of Item; Wafers that are cleaned by the Z-wafer cleaning process 
3" (7.62-cm diameter) 


Dimensions : 
Material: 


SeG-Si 


Other Specifications: Cleaning process is a hot Caro 's_.a.c.id immersio n fnllnwpd by thrpA._ca<u::aHp rincsu;:- 


in deionized water and spin-drying. ' Output rate of 1700 wafers/h is equal to 


7.753 mVh. 


1,1 Quantity Required;?. 753 


m 


/ h 


Unit Cost; 

r~ 


$/ 


m 


1.2 Input Value; 

1.3 Input Cost; 


$/_ 

319.50 h 


Note to Item 1,3: Use price, if input produced in own plant. 



Process No, 

13 1 . 1 1 1 ♦ 1 QIII-I om 


Form 3 

2.1 Direct 

Materials: 

Revision 

• 

Page 1 of 1 

2.1J 

Type: Ion source gas 

, Date 9/78 

k 


Specification: Cost IS 2.28 $/h and 

is only needed when machine is operating. ■ 



Quantity Required; 


Unit Cost: 2.28 $/ h 


1.94 $/ h 


Specification: 


Quantity Required: 
pe 

Specification: 


Unit Cost 


Quantity Required; 


Unit Cost 


2 2 . Subtotal Direct Materials; I 1.94 $/ h 










Process No. a.m.Ei 


0 


1 


2.2 Indirect Materials (incl, supplies and non-energy utilities): 
2.2 1 Type: CooUng water 


Revision 


Form 4 
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Specification: Usage is 2400 Vh machine (used continuously). Cost is $8480/150,000 ft3 

(SAMICS Catalog No. C1016B). 


Quantity Required: 
2.2_2 Type: Liquid Np 


^400 ^ / h ; Unit Cost: 0»000113$/ . Cost: 


V 


Specification: Quantity required is 10 Vh and usage fraction is 0.925. 

Cost is $5.66/ft3 (sAMICS No. C1080D). 


Quantity Required: 
2.2_ Type: 


9 . 25 it/ h ; Unit Cost: 0.20 $/ H . Cost 


Specification: 


Quantity Required: 


J ; Unit Cost: 


$/ 


Cost: 


r 


0.27 


1.85 


2.2 Subtotal Indirect Materials: 


$/ 


$/ 


$/ 


2.12 $/h 




(7// 


Process No. I , 1 ^ 1 , [0 | 1 0 ^ 

2.3 Expendable Tooling: 

2.3 J Type: Spare parts? cost Is $8,000/y/niachine 

^ Quantity Required: 0.97 

2.3_ Type; 

Quantity Required: 

2.3_ Type; 


' 2.3_ Type: 


Quantity Required: 


Quantity Required; 


Fbrni 5 

P;age 1 of 1 
Revision Date 


$ / h : Unit Cost: ^$/ Cost: 


0.97 $/ h 


/ : Unit Cost: ^$/ Cost: 


/ ; Unit Cost: ^$/ Cost: 


/ ; Unit Cost: $/ Cost: 


J/ 

_$/. 


2.3 


Subtotal Expendable Tooling; 


0.97 $/ h 


2.4 Energy 






nBecMeoMacb eaaaBBmmB 

.Dj.1Z[Z]*‘0Z 


3.1 Direct Labor: 


3.11 Category: Semiconductor Assembler 
{SAMICS No. B3096D) 
Amount Required; Q.4 h / h 

3.1J Category: Maintenance Mechanic 

(SAMICS No. B3736D) 

Amount Required o_.J ti_ 


j Rate: $ 3.89 


I Rate: $ 5.67 


3.1__ Category: 


_Activity : 


Amount Required: 


; Rate: $ 


3.2 Indirect Labor: 
3.2 Category: 


Activity: 


Amount Required : 

h/ 

; Rate: $ 

3.2__ 

Category; 


Activity: 

- 

Amount Required: 

h/ 

; Rate: $ 

3.2_ 

Category: 


Activity ; 


Amount Required: 

h/ 

; Rate: $ 



3.3 Subtotal 3.1 and 3.2 


3'*‘!> Overhead on Labor: 5.26 % 


3.5 Subtotal Labor 


3.80 




Process ^o.O.g'.RTI-fTrn 

4 . 1 Equipment 

4 . 1 J Typ e ; lon implanter - does both sides and has a current output of 10 mA 


Form 7 

Page J of _1 

Revision Date 




4,1 


Cost; 700,000 


$; Throughput; 9.121 m /h; 


$; Installation Cost; 

Plant Oper'g Tim e 8280 h/y; Machine Avail 'ty; 85 % ; Machine Oper’g Tim e 7040 h/y 

_$/y 

$/y 


Servicing Costs: Labor 

7 


h/y at_ 


$/h;Parts or Outside Service 


Useful Life: 


y; Charge Rate; 21.35 % of Cost/y; Capital Cost; 150,000 


Type:_ 

Cost: 


$; Installation Cost:_ 


$; Throughput ;_ 


Plant Oper’g Time 


%; Machine Oper’g Time_ 


h/y; Machine Avail ’ty: 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: 

Useful Life: ^y; Charge Rate; of Cost/y; Capital Cost: 


4.1__ Type:_ 


Cost : 


$; Installation Cost: 


$; Throughput :_ 


Plant Oper’g Time h/y; Machine Avail 'ty: Machine Oper’g Time__ 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service; 

Useful Life; 


j^; Charge Rate:_ 


% of Cost/y; Capital Cost:_ 


/h; 


_/h; 


h/y 


$/y 


_$/y 


_h/y 


_$/y 


$/y 


4.1 Subtotal Equipment Cost; 


18.12 $/ h 


$/ 


$/ 


18.12 $/ 



Proems no. liJ.[I].L;ilL|-[lLLI 

4.2 Facilities: 

4.2j Type: Machine area 

Charge Rate: 1 79»1 3* 


Revision 


Heating 

Air Cond’g 

Lighting 


_ Type: 

Charge Rate: 


Heating 

Air Cond’g 

Lighting 


4.2_Type: 

Charge Rate: 

Heating 

Air Cond ' g 

Lighting 


Energy Use: 

/y at 

/y at 

I'J at 


Energy Use: 
/y at _ 

/y at _ 

/y at 


Energy Use: 


*Includes energy use 


Floor Area; .79 Throughput; 6.42 X lO'^ / y 

2 <—« — — *— •-* «*— » — 

_$/(m ’y); I Maintenance Costs: 

1 Labor: h/y at ^$/h 

^ Supplies: $/y 

$/ ^ Outside Services: ^$/y 

s/ * — 

Total Cost: 14.150 $/y 


Floor Area: 


_$/ (ra -y) ; 


Total Cost: 14,150 


m ; Throughput: 

Maintenance Costs: 


Labor : 


h/y at 


Supplies : 


Floor Area; 

_$/ J 


/y at 

$/ 

/y at 

$/ 

/y at 

$/ 


^ Outside Services: 

Total Cost 


; m ; Throughput : 

j Maintenance Costs; 

I Labor: h/y at 

j Supplies: 

I Outside Services: 

Total Cost 


,2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal : 


Form 8 
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1.71 $/ h 


$/__ 


1.71 $/ h 


19.82 $/ h 
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Revision 


7. Process Cost Computation 


7,11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 1 30.16 $/ -h. 




% of 7.11 


7,21 Total Operating Add-on Costs of Process: 


1.25 $/ h 

■ $TT 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 


31.41 .$/ h 


7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


$/ h 


7.34 Specific Add-On Cost of Process (7,31 + 7.33)--(7.32) | 34.61 $/ h 


7.35 Cost of Input Work- In-Process Contained in Good 
Output Work-in-Process (5.4) 


316.30 $/ h 


7.36 Loading on Item 7.35 at Rate % • i $/ 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 1^350.91 $/ h 


7.41 Theoretical Yield (or Conversion Rate, if output units of 

work-in-process do not equal input units) 7.753 


2 

/ 


7.42 Practical Yield 


7.43 Effective Yield (7.41 x 7,42) 


99 % 


7.675 m2 / h 


7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


7.51 Cost of. Unit of Good Output Work-in- 
Process (7.37 i 7.44) 


45.72.,.,$/ m2 


7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7^34 1 7.44) 


4.51 
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Process Wo. 
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Output Specification: 


Name of item: 

Dimensions : 

Material: 


WafGrs with NPP"^ Junction 
7.62-cm diameter 
High purity silicon 
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Other Specifications: Output Of cell is 0.717 watts ( n =15.7%). 

Front dosage of phosphorus is 1 x 10^^ ions/cm^, and was placed on selected areas 
using a mask. The back surface field consists of boron at a concentration of 5 x 10^^ ions/cm^. 
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University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process : Device Fabrication 

Subprocess ; Formation of Potential Barrier 
Option: I on Inplantation of Phosphorus 

(Lockheed) 
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Process No. |j_U LLJ ^ L2jiJ [±iiJ [ 0.1 Value Added ; | “ 

Process Description: Ion inplantation of phosphorus with a 2 x 10^5 ions/cn? dosag e \:ising EFc; 

output rate is 50 wafers/minute and each wafer spends an average of 20 hours at the work station. 

ihere is a 2 h load time, 16 h process timef and a 2 h unload time, i'fechineusage fraction is 95%; actual 


output is 2850 wafers/n. Filament life is assigned to be 80 mAh and the filament operates with a current 

of 10 mA. It takes 20 minutes to change the filament. 

1. Input Specification; 

. Name of Item: Textnrp. -Si .. f q-i-s 

Dimensions: 7. 6 2~cm diameter 


Material: 


Other Specifications: ion 


Ion ii 


non unit 


implantation chamber. Area output rate is 13 mVh. 



Note to Item 1.3; Use price, if input produced in own plant. 





Process No. [ 3 1 . s . EH-EE 


2.1 Direct Materials: 


2.1J- Type: Phosphorous pentaflouride (PF^)/ 99.0% 


Revision 


Form 3 
Page j___ of 
Date 4/79 


Specification: Consuirption rate of 0.0052725 ntVmin is based on current usage. Actual 
usage should be (0.Q05275) x (2850) x 2.43 x 60. Density is 5.805 q/ £ . Cost 


is approx. $400/Ib. (Matheson) . 
Quantity Required: 2192 


m £ / min ; Unit Cost: 0.0051 $yti£ ; Cost: I 11. 22 $/ h 


2.1 .Type: 


Specification: 


Quantity Required: 


2.1 Type: 


Specification: 


/ ; Unit Cost: 


; Cos t : 


Quantity Required: 


/_^ ; Unit Cost: 


; Cost; 


S 



/r/ 


Process No 


• a.. [D.ED-IIII] 


Form 4 


2.2 Indirect Materials (incl. supplies and non-energy utilities): 
2.2 1 Tvoe: Cooling water 


Revision 


Page 1 of ^ 
Date 4/79 


Specification; Used to cool diffusion purrps which, have a power rating of about 
7 kW (SAMICS C1128D) . . . 


Quantity Required: 

2.2_2 Type: Compressed 


; Unit Cost; 0.566 ' $/ kWh ; Cost: 1 3.962, $/h 


Specification: Pressure is 50 psi. Used for operation of gate valves and air 


cushion bearings. Only needed when machine is running. 


is 0.0988 


ft /min. (SAMICS C20 32D) . 

Quantity Required: 

2.2_3 Type: Liquid nitrogen 


1 68 ji, / h ; Unit Cost: 


Specification: Used for . diffusion piiip traps and is needed at all times. 

3 

Cost is $5. 66/ ft (SAMICS glO BOD) 


; Cost: 


Quantity Required: 


3.75 / h ; Unit Cost: 0.20 .$/ j 


; Cost: 0.75 $/ h 


2.2 ' Subtotal Indirect Materials: 4.712 $/ n 




-tv/ 


Process No. 



2.2 Indirect Materials (incl, supplies and non-energy utilities); 


Form 4 
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2.2 Type; Argon ^ ; 

Specification: Used to flush system. Consmption rate is 0.485 ftVmin and usage 

rate is 97%. Cost is 0.14 $/ft^ (SflMICS E111 2 D) , 

Quantity Required: 800 Z ; Unit Cost: 0.005 $/ j* ; Cost: 4.00 

2.2_ Type; 

Specification: 

Quantity Required: 

2.2_ Type; ' 

Specification: 

Quantity Required: 





r^/ 


Process No. | ^ | , | ^ | , | ^ ^ ^ ^ 

2.3 Expendable Tooling: 


2.3_ Type: 


Quantity Required; 


Form 5 
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I. : Unit Cost; $/ Cost: 


2.3 _ Type: 


Quantity Required: 


/ : Unit Cost: $/ Cost; 


2.3-_ Type; 


Quantity Required; 


/ : Unit Cost: $/ Cost; 


2.3 _ Type: 


Quantity Required: 


_/ : Unit Cost: $/ Cost,; 

2 3 Subtotal Expendable Tooling: 


2 . 4 Energy 


2.4 1 Type: Electricity, used at all times; pcwer rating is 7 kW 


_Quantity Required: 7 


_: Unit Cost: 0«0319 $/ k/tti Cost: [j.223 $/ h 


2.4 Type: 


_Quantity Required; 


Unit Cost; 


$/ Cost : 



2.4 Subtotal Energy Costs; j • Q.,223^, $/ . h. 


2.5 Subtotal 2.1 to 2.4; 

2.6 Handling Charge: 5.26 % of item 2.5 


2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 





T^Tf/ 


Process No 


• m.S.HII-EIII 


3.1 Direct Labor: 


Revision 


3.1-1 Category; Electronics Ttec^hnicdaii 


Amount Required: 1 


h/ h 


3.1___ Category: 


_Activity: 


Machine operatic 


; Rate: $5,29 /h; Loa d 36.0 %5 Cost: 

Ac t ivi ty : 


Amount Required: 


; Rate: $ 


/h; Load 


%; Cost: 


3.1_ Category 


Activity: 


Amount Required: 


; Rate: $ 


/h; Load 


%; Cost: 


3.2 Indirect Labor: Taken as 25% of direct 


3.1 Direct Labor Subtotal: 


3.2__ Category: 


Activity: 


Amount Required; 


3.2_ Category: 


; Rate; $ 


Activity: 


/h; Load 


Cost; 


Amount Required: 


3.2_ Category 


; Rate: $ 


Activity: 


/hj Load 


Cost: 


Amount Required; 


; Rate: $ 


/h; Load 


Cost; 



3.2 Indirect Labor Subtotal; 


3.3 Subtotal 3.1 and 3.2 

3.4 Overhead on Labor: ^*26^ 


3.5 Subtotal Labor 


_r^/ 
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Process No. 133. Cl]. C3E]’ CEE] Page 1 of 1 

Revision Date 4/79. 

4,1 Equipment 

4,ll Type: inn Implani^iinn Rvs-f-(=Tn • ■ ' . 

7.73 $/h 

Cost: ^nOrfinn $; installation Cost: $; Throughput: 2850 wafers /h; 

Plant Oper'g Time 8280 h/y; Machine Avail 'ty: Machine Oper’g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: _ _ $/y 

Oseful Life: 7 y; Charge Rate: % of Cost/y; Capital Cost: 64,050 -^/v 

4,12 Type: Cerjitra,!, chamber and five side chambers fnr abn^/e 

3.60 $/ h 

Cost: 140,000 $; Installation Cost: $; Throughput: 2850 wafers /h; 

\ 

• Plant Oper'g Time 8280 h/y; Machine Avail 'ty: qs %5 Machine Oper'g Time h/y 

s 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: .7 y; Charge Rate: 21.35 ^ of Cost/y; Capital Cost: $/y 

4.13 Type: Trays (2,000) @ $30. each 

1 

1 ■ R7 $/p 

Cost: 60,000 $; Installation Cost: $; Throughput: pfiiin wafers /h; 

Plant Oper'g Time 8280 h/y; Machine Avail 'ty: 95 %; Machine .Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: 7 y; Charge Rate: 21.35 . % of Cost/y; Capital Cost: TP.ROO $/''' 

■ 


4.1 Subtotal Equipment Cost: 

12.90 



Process No 


. 0.0.-. ED -EH 


Revision 


4.2 Facilities; 

4.2J. Type; Manijfa 
Charge Rate: 

Heating 

Air ‘Cond*g 

Lighting 


Floor Area; i: 


■; Throughput 


Energy Use; 
h St _ 

/y at _ 

h St _ 


Labor; 

1 




Maintenance Costs; 

h/y at 

Supplies ; 

Outside Services: 


Total Cost: 2.R.OOO 


4.2_ Type; 

Floor Area; 

m ; Throughput : 

Charge Rate; 


Maintenance Costs 


Heating 

Energy Use; 
/y at 

$/ 

^ Labor ; 

h/y at 

Rnnnl T pfl t 

Air Cond'g 

/y at 

$/ 

“ 1 

1 

— fl 

Outside Services: 

Lighting 

/y at 

$/ 

Total Cost 


4.2 Type: 


Floor Area: 

_ m ; Throughput; 



? V. » M 

^ > 

Charge Rate; 


$/ (m *y) ; j 

Maintenance Costs 

Heating 

Energy Use: 
/y at 

1 Labor: 

$/ i 

h/y 

Air Cond'g 

/y at 

$/ * 

Supplies; 



1 

Outside Services: 

Lighting 

/y at 

$/ u. — 

rr^4- -,1 n 


* Includes utality use 


4.2 Subtotal Facilities 


4.3 Equipment and Facilities Subtotal ; 
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5. Salvaged Material (Work-in-process) 

5.1 Quantity of Work-in-Process 1- Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 

5.22 Net Amount of 5,21 which is sold for Credit As-Is or 
After Applying Re-Process 






0.10 


2 

m / n 


/ 


5.23 Credit for 5.22 at the Market Value of %/ 


$/ 


5.24 Cost of Reprocessing Material of 5.22 

at the Average Reprocessing Cost of %/ 


5.25 Net Credit for 5.22 (5,23 minus 5.24); 


$/ 


$/ 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


0.10 


m / h 


5.3 Cost of Work— in— Process Not Contained in Good Output Work-in~Process 
(Amount 5.21 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.1 Times Unit Cost from 1.1) 


■4.12 $/h 


531.61 $/ h 


Salvaged Materials Summary: 
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Page_ 
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Process No. 


.Q.S3-h 


Revision 


Date 4/79 
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Process No. 


e LJLi 



Revision 
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8.2 Alternate 2 (SAMICS Methodology): 

8.21 Profit Computation; 

0.9274 * 12.90 $ / h ^from Subtot. 

1.946* 3.00 $ / h from Subtot. 

Subtot; 

8.22 Costs of Amortization of the One-Time Cost: 

0.192* 2Ll 17 - $/ h from Subtot. 


0.192 * 9.47 $ / h. 

0.2958 * 12.90 $ / h 

2.77* i.nh $/ h 


Subtotal 

8.23 Total Net Cost of Equity (8.21 + 8,. 22): 


Work-in-Process : 

(Divide Subtotal 8.23 by 12.9 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


11.96 

$/ 

h 

5.84 

$/_ 

h 

17.82 

$/ 

h 

. 4.07 

$/ 

h 

1.82 

$/ 

h 

3.82 

$/ 

h 

8.31 


,h 

18.02 

$/ " 

h 

of Good Output 
from 7.44) 


__2 

.78 

$/ 


35.84 $/ h . 


6.79 

2 

5/ m 

48-00 

2 

.$/ 



Process No. 


m.m. 
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9. Process Economic Evaluation: 


9.1 Process Cost Balance (7.52 - 0.1) 

9.2 Relative Process Performance (9-1 0.1) 

9.3 Output Cost (7.51) 


Revision 


Date 4/79 


$/ 


45.23 $/m 


9.4 Output Value (0.2 + 0.1) 


$/ 


9 .5 Relative Excess Cost 


[(9.3 - 9.4) i 9.4} 


Process No. 


m.Ei.Ei 


r— i 


0 

T1 

1 


___ 



0. Output Specification: 

Name of item: Wafers with phosphorus PN junc±ion 

Dimensions: 7.62“Cm diameter 

Material: Si±)strate is high purity silicon 

Other Specifications: Process yield is 99.2 % . 

15 2 

In^lant dosage is 2 x 10 ions/cm , 
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Process No. P3 . Ill] - 01] -Mil 


Form 1 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Process ; Device fabrication 

Subprocess: Formation of potential barrier 

Option: Activation anneal after ion implantation 

(Motorola) 


INDEX 


Form 

I Pages 

1 

Rev. 1 

Date 

Remarks 


1 

1 

2 

i 1 to 1 

3 

1 to 0 

4 

1 

1 to 1 

5 

1 

1 to 1 

1 

6 

1 to 1 

7 

1 

1 to 1 

[ ^ 

1 to' 1 

9-1 

1 to 1 

9-2 

1 to 0 

9-3 

1 to ° 

10 

1 to 0 

11 

1 to 1 

' 12 

1 to 1 

13-1 

1 to 0 

13-2 

1 to 1 

14 

1 to O’ 

15 j 

1 to 1 

16 



1 to 






















Process No. .bJ . Ld- LQ_b..h[oJiJ 
4.2 Facilities: 

4 . 21 Type t floor space 

* 

Charge Rate: 179.13 

Energy Use: 


Heating 

Air Cond ' g 

Lighting 


4.2_ Type: 

Charge Rate: 


_/y at 
_/y at 
/y at 


Heating 

Air Cond'g 

Lighting 


4.2_Type: 

Charge Rate: 

Heating 

Air Cond'g 

Lighting 


Energy Use: 
/y at _ 

/y at _ 

/y at _ 


Form 8 
Page 1 of 
Revision 3/79Pate 10/ 


2 2 
Floor Area; 25.55 m ; Throughput; 179^800 m /y 


$/(m *y); 


n Labor ; 

1 


Floor Area: 


_$/(m -y); 


Maintenance Costs: 
h/y at 

Supplies : 

Outside Services: 

mmm oimd mm* mm* 

Total Cost: 


m ; Throughput : 

Maintenance Costs: 




Labor : 


h/y at 


Supplies : 


Energy Use: 


Floor Area: 


$/(m 


/y at 

$/ 

/y at 

$/ 

/y at 

$/ 


includes energy use 


^ Outside Services: 

Total Cost 


: m ; Throughput: 

a* mnm •»» < 

j Maintenance Costs: 

I Labor: h/y at 

I Supplies: 

Outside Services; 

Total Cost: 


4.2 Subtotal Facilities: 


4.3 Equipment and Facilities Subtotal : 


0.58 $/ h 


2,31 $/ h 


•-OlH 







Process No. Q.S.Eni-EE] 

4.1 Equipment 

4.lJ- Type; THERMCO eight tube diffusion module type 4000S72 Spec 1900 

Cost; 64,270 $; Installation Cost; $; Throughput: 21.715 

Plant Oper'g Tim e 8280 ^h/y; Machine Avail 'ty: 96 % ; Machine Oper’g Tim e 7950 

Servicing Costs: Labo r h/y at — $/h;Parts or Outside Service: 

Useful Life; 7 ^y; Charge Rate: 21.35 % of Cost/y; Capital Cost: 13,720 


Form 7 
Page 1 

Revisio n 3/ 7 9 D ate 


/h; 

h/y 

,$/y 


$/y 


1. 73 


of ^ 
10/78 


$/ h 


4 . 1_ Type: 

Cost: _$; Installation Cost: $; Throughput: /h; 

Plant Oper’g Time ^h/y; Machine Avail' ty: %; Machine Oper'g Time h/y 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service: $/y 

Useful Life: y; Charge Rate: % of Cost/y; Capital Cost: $/y 


.$/ 


4.1 


Type: 

Cost: $; Installation Cost; 

Plant Oper'g Time ^h/y; Machine Avail 'ty: 

Servicing Costs: Labor ^h/y at $/h;Parts 

Useful Life: y; Charge Rate: 7 ^, of Cost/y 


$; Throughput; 


/h; 


%; Machine Oper'g Time_ 

or Outside Service 

; Capital Cost: 


h/y 


$/y 


$/y| 


$/ 


4.1 Subtotal Equipment Cost: 


1.73 $/ h 
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n 

■ 

n 

n 
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L2_J 


lqJ 

Lu 


Revision Date 10/78 


0.1 Value Added: 




Process Description: ,. A D naa . l . iJ 3 g ... n f..., M:a . fp .. r »_ a . f tpr , nn _ ha , s ,. b/?en . iinp la n - t e d , — fco-^ag-tivate the 

junction. Capacity of machine is 2000 wafer/h or 22.62 m^/h. Machine 


utilization is 96%, for an effective output rate of 21.715 m^/h 


1. Input Specification; 


Name of Item: 

Wafer with implanted -iunction ^ . 

Dimensions ; 

12 -citi diameter 

Material: 

silicon 


Other Specifications: 


V. 


2 

1.1 Quantity Required; _ 7 1 q ^ .Unit Cost: 41.21 $/ ^ 


1.2 Input Value; 

$/ 

1.3 Input Cost! 

894.88 $/ m2 


Note to Item 1.3; Use pricsi if input produced in own plant. 




Process No. a.o.ra-ED 

2.2 Indirect Materials (incl. supplies and non-energy utilities): 

2.2 1 Type: Nitrogen gas from liquid nitrogen 

Specification; Cost of is 5.66 $/ft^ 

(SAMICS No. C1080 d) 


Consumption is 3i^/min/tube and is used at all txmes 


Quantity Required: 

1440 

/ h ; Unit Cost: 0.0004 $/ 

2.2 Type: 



Specification: 




Form 4 

Page 1 of ^ 
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0.58 $/ h 


Quantity Required: 


/ ; Unit Cost 


Specification 


Quantity Required: 


/ ; Unit Cost 


2.2 Subtotal Indirect Materials; i| 0.58 $/ h 










Process No. E.m.n 


0 


2.3 Expendable Tooling: 

2.3^ Type ; Quartz tubes and boats/ replaced every 8 months 


Form 5 

_L of 1_ 

Revision 3/79 Date iQ /78 


2.3 „ Type: 


2.3_ Type: 


2.3_ Type: 


Quantity Required: 12 tube s / y : Unit Cost: 769 $/ tube Cost: 


Quantity Required: 


/ Unit Cost: $/ Cost: 


Quantity Required: 


/ : Unit Cost: 


$/ Cost: 


Quantity Required: 


/ : Unit Cost: $/ Cost: 


2 3 Subtotal Expendable Tooling; 


l.i6 $/ h 


31 ■- 


$/ 




1.16 $/ h 


2.4 Energy 

2.4^ Type: Electricity^ 140 name-plates rating^ Duty cycle is 50: 


_Quantity Required: 7 C 


J Unit Cost :0'. 0319 $/~kwh Cost: 


2.4 Type: 


_Quantity Required: 


: Unit Cost: 


$/ Cost; 


2.4 , Subtotal Energy Costs: 


2.23 $/ h 




2.23 $/ h 


2.5 Subtotal 2.1 to 2.4; 


3 . 9-7 $/jx 


2.6 Handling Charge: c; . % of item 2.5j n . 21 $/ h 


2.7 Subtotal Materials and Supplies: 
(2.5 + 2.6) 


4.18 $/h 




Process No. 


[3.(I].EE]-m 


3.1 Direct Labor: 

S.jy. Category; Semiconductor assembler Activity:__ 

(SAMICS 630960) 

Amount Required; 1 h/ h ; Rate; $ 3.894 

3.1_ Category; ^ Activity;_ 

Amount Required; h/ ; Rate: $ 

3.1_ Category: ^ Activ-ity;_ 

Amount Required: h/ ; Rate; $ 


3.2 Indirect Labor: Taken as 25% of direct 


3.2 Category: 


Activity: 

Amount Required: 

h/ 

; Rate; $ 

3,2 Category: 


Activity: 

Amount Required: 

h/ 

; Rate; $ 

3.2 Category: 


Activity: 

Amount Required; 

h/ 

; Rate: $ 



3.3 Subtotal 3.1 and 3.2 

3.4 Overhead on Labor: ^*26% 


6.62 


3.5 Subtotal Labor 
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Process No. 


□ 03-011 


Salvaged Material (Work- in-process) 
5.1 


5.21 

5.22 

5.23 

5.24 


Quantity of Work-in-Process 1- Contained in Good Output 
Work-in-Process (per Computation -Unit) 

Input Work-in-process 1. Not Contained in Good Output 
Work-in-Process ("Amount Required" from 1.1 minus 5.1) 


Net Amount of 5.21 which is sold for Credit As-Is or 


After Applying Re-Process 

Credit for 5.22 at the Market Value of 

Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of 




$/ 


5.25 Net Credit for 5.22 (5.23 minus 5.24): 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


Page o f ^ 

Revision Date / 7 q 




0.130 m / h 


5.3 Cost of Work-in-Process Not Contained in. Good Output Work-in-Process 
(Amount 5.21 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.1 Times Unit Cost from 1.1) 




Salvaged Materials Summary: 


5.8 Total Net Credits for All Salvaged Materials (5.25 + 5.67 + 5.76) 


/ 


$/ 


$/ 


/ 









< 7 ;^/ 


1 


Process No 


.m.m.inii-mi] 


6.3 Liquid Byproducts/Wastes (organic) 


Carry from Form 10 


Fqrm 11 
Page ^ of 


6.3_ Type (Composition): 


Density : 

Ignition Point: 


3 

_g/cm ; Toxicity: COD 

°C; Explosive Mixture in Air:_ 


Quantity Produced :_ 
mg/1; B0D:_ 


% ; Other Remarks 


Type of Disposal: 

Input Material for: 


Cost(Credit) $/ 


6.4 Fumes, Gaseous Byproducts/Wastes 

6.4i Type (Composition) ; , Fume gases 
Energy Content (Combustion) : 


_Quantity Produced: 125 ft / min 

Explosive Mixture in Air 7 ^ to 7 


Ignition Point; 
Toxicity 


^C; Aerosol f I Precipitates in minutes 

Requires Scrubbing □ Type of Scrubber 


(enter scrubber under 4.1, 4.2, scrubber effluent under. 6.1 to 6.3) 


Other remarks: 


0.46kWh/1000 CFM 0.0575 kWh/min 


Type of Disposal: 


Operating Costs : 


$/ y 


Cost : 


0.002 


6. Subtotal: Byproduct/Waste Disposal Cost: j 0.00.2 $/ h 



/ir/ 


B 03-03 


Process No. I ! . I 1 * i 1 

7. Process Cost Computation 


Form 12 
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7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6 . ) I 13.45 
7 , 22 Other Ind:^i^ec^ 5 §o||:s ^ i ■ 


7.22 Other Ind ^ 

7.21 Total Operating Add-on Costs of Process: 

7.22 G & A % of 7.21 

7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 

7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


ite. if outDut units of ...2 


0.17 $/ h 
13.62 $/ h 

$/ 

13.62 , $/ h 

_$/ 

5.37 $/ , h 

ODosaiaaconBcaicoisniMnn 

18.99 $/ h 

889.49 $/ h 

$/ 

908.48 $/ h 


7.41 Theoretical Yield (or Conversion Rate, if output units of 2 j_ 715 

work-in-process do not equal input units) ' 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) . 


99.4 


7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit 'Used up to 7.35 


21.584 m / h 


7.51 Copt of Unit of Good Output Work-in- 
Process (7.37 T 7, '44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 i 7.44) 



'7:^7 f 


'Process No. 
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8.2 Alternate 2 (SAMICS Methodology) 
8.21 Profit Computation: 


from Subtotal 4,1 = 1.60 $/ 


1.946* 


from Subtotal 4,2 = 1,13 $/ 


Subtotal 


2.73 ■ $/ 


8.22 Costs of Amortization of the One-Time Cost: 


from Subtotal 2.7 == Q.80 $/ 


0.192* 


from Subtotal 3.5 - 


from Subtotal 4.1 = 


1.51 $/ 


2.77* 


from Subtotal 4.2 = 1.60- $/ 


Subtotal 


= 4.25 $/ 


8.23 Total Net Cost of Equity (8,21 + 8,22): 


6.98 


8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 
Work-in-Process: 


(Divide Subtotal 8,23 by 


_from 7.44) 

0.32 $/ ra^. 


8.25 Price of Process (7.52 + 8.24) 


8.26. Price of Work-in-Process (7.51 + 8.24) 


WO. n m irm - rTTri 
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0. Output Specification: 

Name of item: Annealed wafer ^ 

Dimensions : 12— cm diainstBr 

Material: high purity silicon 


Other Specif ieations : 
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University of Pennsylvania 
PROCESS CliARACTERIZATION 
(UPPC) 


Process: Device Fabricatic 

Subprocess : Junction Formatic 


Option: Unanalvzed 


Projection (Mo tore 


INDEX 
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Process No. GH.n.E 


Process Description: inplantation of PN jmction (jiiosphorus) with a hollow cathode sovirce 

ManViT ■M/?! J ^ n r* 1- • • - - - - -' i n •■——■-•■-i 1 1 • i 


Page _1 of 1 

Revision Date 9/78 

( 0.1 Value Added: i $/ 

^ ■ ■■ ‘ 


Machine current is 100 ni?K^uses an unanalyzed beam, and its capacity is 4800 wafers/h. Utilization rate is 
80%, so effective throughput rate is 3840 12-am diamet.pr wafers per hnnr. 


1. Input Specification: 

Name of Item; Wafers prepared as specified 

Dimensions: 12^c:m diaineter 

Material: Silicon 

Other Specifications: Throughput rate of 4800 wafers/h is equivalent to 'S4.PQ m^/h 


1.1 Quantity Pvcquired: 43.43 m / h 


Unit Cost; 41.21 $/ il 


Note to Item 1,3; Use price, if input produced in own plant, 


1.2 Input Value: 

1.3 Input Costs 


J/ 


1789.75 $/ h 
















Process No. m.m.E 


0 


2.2 Indirect Materials (incl. supplies and non-energy utilities): 
2.2i Type; riquid Nitorg^.. 


Revision 


Form 4 

Page i of i 
Date 


Specification: 


Liquid nitorgen consunption is Sl/shift (sMft - 8h), 


Unit cost is $5.66/ft^, (SMUCS No. C1080D), 


Quantity Required: Q.625 


i /h ; Unit Cost; 0.20 $/ - 


Cost : 


2.2 2 Type; De-ioni zed water 


Specification: used continuously when operating and flew rate is 10 gallons/min. 


Cost is 0.00491 $/gallons. (SAMICS C114 4D) 


Quantity Required: 
2,2_ Type; 


2270 


£ /h 


, 0.0013 £ 

Unit Cost: $/ 


Cost ; 


Specification : 


Quantity Required; 


_/ ; Unit Cost: 


$/ 


Cost : 


0.125 $/h 


2.95 $/ h 


$/ 


2.2 Subtotal Indirect Materials; 


3.07 5 / n 







Process No. s.m.iim-Coii] 

2.3 Expendable Tooling: 

2.3 _1 Type; Vacuum purp oil^ changed birronthly @ $17.42/1x3ttle 


Form 5 


Page 1 of 1 


Revision 


Date 9/78 


Quantity Required: 


; Unit Cost: 17.42 $/bottl6o3t: j 0.050 $/ h . 


2.3_ Type; 


Quantity Required: 


/ : Unit Cost: 


$/ Cost: 


2.3_ Type; 


Quantity Required: 


/ ; Unit Cost: 


$/ Cost: 


2.3„ Type; 


Quantity Required: 


/ : Unit Cost: 


$/ Cost: 


2 3 Subtotal Expendable Tooling; 


2. 4 _1 Type; Electrical energy (30 kW/xtacihine yfen operating). Utilization is 90% 


^Quantity Required: 27 kW 


Unit Cost; 0.0319 Cost: 0.86 $/ h 


2.4 Type: 


Quantity Required: 


; Unit Cost: 


Cost: 


2,4 Subtotal Energy Costs; j 0.77 
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Process No 


T1 |T1 I 0 I 1 I -! o 1 

• • _ • 


4.2 Facilities: 

4.2_1 Type; Machine area 

Charge Rate: 179 ■ 13* 

Ener 

Heating 

Air Cond'g 

Lighting 

4.2„ Type: 

Charge Rate: 


Floor Area; 37,2 
$/(m *y); I 


_/y at 

_/y at 
/y at 


$/ 

i 

$/ 

1 

$/ 

L 


Revision_ 

Throughput: 360,000 It? jy 

Maintenance Costs: 

^h/y at $/h 

Supplies: $/y 

Outside Services; $/v 


Labor : 


Total Cost: 6,600 


Floor Area: 


_$/ (m -y); 


m ; Throughput: 

Maintenance Costs: 


Heating 

Air Cond’g 

Lighting 

4.2_Type: 

Charge Rate; 

Heating 

Air Cond’g 

. Lighting 


Energy Use: 
/y at _ 

/y at _ 

/y at _ 


Labor : 


h/y at 


Supplies : 


Energy Use: 
/y at- _ 

at _ 

/y at _ 


— Outside Services: _ 

I Total Cost; 


2 

Floor Area: m ; Throughput: 

2 ^ » *— » •“ 

,$/ (m Maintenance Costs; 

\ Labor: h/y at 

_$/ 4 ^ 

I Supplies: 

_$/_ » 

Outside Services: 

' « Total Cost: 


* Includes energy use 


4.2 . Subtotal Facilities 


4.3 Equipment and Facilities Subtotal : 


Form 8 
Page 1 of 
Date 9/78 


.80 $/ h 
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Process No 


• GD.EH.EID'OIl 


3.1 Direct Labor; 


Revision 


3.11 Category: Semiconductor assenbler 


(SAMICS B3096D) 

Amount Required; 1 h/ ^ 

3.1 2 Category: llaintenance mechanic 
“TSMCCS B3736D) 

Amount Required; Q.l h / h 


Activity: itachine monitorin 


j Rate: $ 3.89 /h; Load 36. p 

Activity; service and repair 


;; Cost: 


; Rate: $ 5.67 /h; Load 36.0 %; Cost: 


3.1_ Category: 


_Activity : 


Amount Required: 


; Rate: $ 


/h; Load_ 


%; Cost: 


3.2 Indirect Labor: Taken as 25% of direct 


3.1 Direct Labor Subtotal: 


3.2_ Category: 


_Activity : 


Amount Required; 


; Rate; $ 


/h; Load 


Cost; 


3.2__ Category: 


_Activity : 


Amount Required: 


; Rate: $ 


/h; Load 


%5 Cost: 


3.2_ Category: 


_Activity : 


Amount Required: 


; Rate: $ 


/h; Load 


%; Cost; 



3.2 Indirect Labor Subtotal: 


3.3 Subtotal 3.1 and 3.2 


3.4 Overhead on Labor: 5.26 % 


3.5 Subtotal Labor 




Process No. CD.EI'.Cnil-OEl 

4 . 1 Equipment 

4.1_1 Type; Advanced ion iirplanter n~type Ct±ospihrDUs) 


Form 7 

Page 1 of _1 

Revision Date 9/78 

\ 


Cost: 85,000 


^$; Installation Cost; ~ $; Throughput: 360,000 m? / y; 

Plant Oper'g Tim e 8280 h/y; Machine Avail * ty : 80 % ; Machine Oper’g Tim e 6620 J'/y 

h/y at 


Servicing Costs: Labor 
Useful Life: 7 


$/h;Parts or Outside Service; 


y\ Charge Rate; 21.35 % of Cost/y; Capital Cost:_ 


$/y 

18,000 $/y 


4.1 


Type:_ 
Cost : 


_$; Installation Cost:_ 


$; Throughput 


Plant Oper'g Time_ 


%; Machine Oper'g Time_ 


h/y; Machine Avail 'ty: 

Servicing Costs: Labor h/y at $/h;Parts or Outside Service;^ 

Useful Life: ^y; Charge Rate: % of Cost/y; Capital Cost: 


4.1 


Type:_ 

Cost: 


_$; Installation Cost:_ 


_$; Throughput :_ 


Plant Oper'g Time_ 


Servicing Costs; Labor 
Useful Life: 


_h/y; Machine Avail 'ty; 
h/y at 


%; Machine Oper'g Time_ 


y; Charge Rate: 


$/h;Parts or Outside Service; 

% of Cost/y; Capital Cost: 


_/h; 


Ji/y 


_$/y 


3h 


/h; 


^h/y 


3h 


;$/y 


4.1 Subtotal Equipment Cost: 


2,19 


$/h 


$/ 


$/ 


2.19 $/h 





Proc^a »o.ED.iZ].EE]-m 

6,3 Liquid Byproducts/Wastes (organic) 


Revision 


Form 11 

1 1 

Date 9/78 


Carry from Form 10 


6,3_ Type (Composition) 


Density ; 

Ignition Point: 


3 

_g/an ; Toxicity: COD 

°C; Explosive Mixture in Air:_ 


Quantity Produced 
mg/1; BOD;^ 


%; Other Remarks: 


Type of Disposal: 

Input Material for: 


Cost (Credit) 


6.4 Fumes, Gaseous Byproducts/Wastes 

6.4J. Type (Composition): Exhaust gases 
Energy Content (Combustion) : 


_Quantity Produced: 40ft3 j ndn 
Explosive Mixture in Air % to 


Ignition Point: 
Toxicity 


_°C; Aerosol f I Precipitates in 
Requires Scrubbing □ T 


minutes 


'Type of Scrubber: 


(enter scrubber under 4.1, 4.2, scrubber effluent under 6.1 to 6.3) 
Other remarks : 40 ft3/mn 


Type of Disposal: Renoval by fan (0.46kW/1000 CFM) 

Operating Costs: ^ 


6. Subtotal: Byproduct/Waste Disposal Cost; 



7^-T/ 


Process No 


71 171 r7"Tj— I o| 1 

• ^ 4 I I 4 .■■if * 


7. Process Cost Computation 


Revision 


Form 

Page_ 

Date 


12 

1 of 1 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.)| 16.64 $ / h 


7.22 Other Indirect Costs: 
rn nc;q*M ^^4-n ■ 


% of 7.11 


7.21 Total Operating Add-on Costs of Process: 


0.22 $/ h 
16.86 $/ h 


7.22 G & A 


% of 7.21 


7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


16.86 $/ h 


3.58 $/ h 


7.34 Specific Add-On Cost of Process (7.31 + 7.33)-(7.32) I 20.44 $/ h 


7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 

7.36 Loading on Item 7.35 at Rate % • 

7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of 
work- in-process do not equal input units) 

7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


43-43 


n? / h 


43.34 m2 / h 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 T 7.44) 

7.52 Specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 t 7.44) 


1786.17 $/ h 




SS'/ 


Process No, 



Revision 


Form 13-2 
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8.2 Alternate 2 (SAMICS Methodology): 
8.21 Profit Computation: 


0.9274* 

2.19 

$/ 

h 

1.946* 

0.80 

$/ 

h 

Costs of 
0.192* 

Amortization of the One 
5.67 $/ h 

0.192* 

7.98 

$/ 

h 

0.2958* 

2.19 

$/ 

h 

2.77* 

0.80 

$/ 

h 


from Subtotal 4.1 = 
from Subtotal 4.2 = 
Subtotal = 


_$/Jl 

h 


0.192* 5.67 $/ h , from Subtotal 2.7 = $/ h 

0.192* 7,98 $/ h from Subtotal 3.5 = !• 53 $/ h 

0.2958* 2.19 $/ h from Subtotal 4.1 = 0-^^ $/ ^ 

2.77* 0-80 $/ h from Subtotal 4.2 = $/ ^ 

Subtotal = 5.50 $/ h 

8.23 Total Net Cost of Equity (8.21 + 8.22): 


8.24 Profit and Amortization of Start-up Costs per Unit of 'Good Output 
Work-in-Process: „ 


(Divide Subtotal 8.23 by 


43.34 


m / 


from 7.44) 

0.21 $/ 


8.25 Price of Process (7.52 -V 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 


41.89 


•'?/ 

$/ iti? 


Process No, 
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Output Specification: 

Name of item; PhQsphoras'iitplciJited wafers 


Dimensions : 
Material : 


12-cm diaireter 
silicon 


Other Specifications: Ion dose is 2 x 10 cm ^ 



Process No- | 3 { | 1 | | Q 1 — 0 1 


Form X 


Process 


University of Pennsylvania 
PROCESS CHARACTERIZATION 
(UPPC) 

Device Fabrication 


Subprocess : Junction Formation 

Option: Projected ion implantation of phos phors ' 

(n- layer) (Spire, NIMP III) using a high 

current machine 

INDEX 
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IZI.IIII.E 
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0.1 Value Added: 


-$/ 


Process Description: High throughput rate phosphorous ion implantation using 5% PH^ in Ho for n+ layer 

formation. Two machines needed for each factory since 1.27 machines utilized 100% are required to 

achxeve the IPEG factory output goals for 19 86 . Cassettes (200x200 mm) can hold four 10->cm diameter 


wafers wxth a packing factor of 78.5%. Output rate per machine is 18,000 10-cm diameter wafers/h. 


1. Input Specification: 

Name of Item: Texture^ or polish-etched circular wafers 

Dimensions: 10-cm diameter 

Material: Single crystal silicon 

Other Specifications: The output rate per machine is (180 m^A) x 0.785 or 141.3 m^/h. 

The factory output is 1.27*141.37 or 179.54 m^/h. 



Belt moves at a speed of 30 cm/sec. 


i.l Quantity Required; 179.54 "m2 / h Unit Cost: 41,21 $/ mi 


1.2 Input Value: 

$/ 

1.3 Input Cost; 

7398.93 S/h 


Note to Item 1,3; Use price, if input produced in own plant. 











Process No. Ei.cii.m-roni 


Form 4 


Page of 

2.2 Indirect Materials (incl. supplies and non-energy utilities) : Revision 11/78 Date 8/78 

2.2 1 Type; Cooling Water 

Specification; Cooling water is needed to cool diffusion pump of both 
machines continuously. Consumption is 2.05 x 10~^ kWh/min/ma chine. 

Cost is $5.66/kWh (SAMICS No. C11281D) . 


Quantity Required; 


2.46 kW / ; Unit Cost: 0-566 g / kWh . ^ost; $/ 


2.2 _2 Type; Np gas at high pressure 

Specification; Used for both machines continuously . Consumption is 
0.15 ft^/min/machine. Price is 0.10 $/ft^. (SAMICS No. E1780D) . 


Quantity Required; 


510 Z 


_/h ; Unit Cost: 0-0035:^/ m . Cost: 1-80 $/ h 


2.2_ Type; 


Specification: 




Process No. [T] . [H] . j p l. l l ““HUI 
2.3 Expendable Tooling: 

2.3 Jr Type: Spare parts, includes filaments, vacuum components, pump oils. 


Form 5 


Revision, 


Date 


etc. 


Quantity Required: 1.27 machine/ ; Unit Cost: 8 . 40 $/ h Cost: } ,10.67 $/ 


2.3_ Type: 


Quantity Required: 


Unit Cost: 


$/ Cost! 


2.3_ Type: 


Quantity Required: 


: Unit Cost: 


$/ Cost: 


2.3_ Type; 


.2.4 Energy 


•Quantity Required: 


/ : Unit Cost: 


$/ Cost; 


2 3 Subtotal Expendable Tooling: I 10.67 h' 


2.4 _1 Type: Electricity, power rating is 200 kWh. Assumes a 95% duty cycle 


_Q'uantity Required: 


2.4 _ Type: 


380 kW ■ : Unit Cost: 0 . 0319$/ kWh Cost;! 12.12 $/h 


jQuantity Required: 


Unit Cost: 


$/ Cost: 


2.4 Subtotal Energy Costs; 



2.5 Subtotal 2.1 to 2.4: j 39 . 19 $/h 

2.6 Handling Charge: 5.26 % of item 2.5i 2. 06 $/h 


2.7 Subtotal Materials and Supplies: I 41.25 

(2.5 + 2.6) • 





O.S.Ea-ED 


3.1 Direct Labor: 


Form 6 

Page 1 of 3^ 
Revisionll/78Date 8/78 


3.1 1 Category: Semiconductor Assembler 


(SAMICS No. B3096D) 
Amount Required; 2 h/ h 

3.1 2 Category: Maintenance mechanic 
(SAMICS No. B3736D) 
Amount Required: Q.2 h/ h 

3.1 3 Category: Electronic Technician 
(SAMICS No'; B3704D) 

Amount Required: 0.2 h/ h . 


^Activity: Machine supervision 


Rate: $ 3.89 /h; Load 36.0 % ; Cost: 

Activity; Machine maintenance 

Rate: $ 5.67 /h; Load 36.0 %; Cost: 


-1.54_ 


^Activity: Electronics maintenance and repair 


; Rate: $ 5.29 


%; Cost: 


3,2 Indirect Labor: Taken as 25% of direct 

3.2_ Category: 

Amount Required: 'a.f 


^Activity :_ 


; Rate: $ 


3.1 Direct Labor Subtotal; 


/'h; Load 


%; Cost: 


3.2_ Category :_ 


Amount Required: 


3.2_ Category:^ 


_Activity: 


; Rate; $_ 


Activity : 


_/h; Load_ 


_%; Cost: 


Amount Required: 


; Rate: $ 


/h;- Load 


%; Cost; 



3.2 Indirect Labor Subtotal; 


3.3 Subtotal 3.1 and 3.2 

3.4 Overhead on Labor: 5.26 % 


3.5 Subtotal Labor 


16.95 


£■ />/ 


Process No 
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4.1 Equipment 


Form 7 
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4.1 


Cost: 2,500^000 

$; Installation Cost: 

30,000 $; 

Throughput: 179.45 

/h; 

Plant .Oper’g Time 

8280 h/y; Machine 

Avail 'ty; %; 

Machine Oper'g Time 

.h/y 

Servicing Costs; Labor h/y at 

$/h;Parts or 

Outside Service: . 

$/y 

Useful Life: 7 

y; Charge Rate: 21 

.35% of Cost/y; 

Capital Cost: 54 0,000 

,?/y 

Type: 

Cost: 

$; Installation Cost: 

$; 

Throughput : 

/h; 

Plant Oper'g Time 

. h/y; Machine 

Avail ' ty : % ; 

Machine Oper'g Time 

!h/y 

Servicing Costs: Labor h/y at 

$/h;Parts or 

Outside Service: 

$/y 

Useful Life: 

,y; Charge Rate: 

% of Cost/y; 

Capital Cost: . 

$/y 

Type: , . . 

Cost: 

$; Installation Cost: 

$; 

Throughput: 


Plant Oper'g Time 

h/y; Machine 

Avail 'ty: %; 

Machine Oper'g Time 

h/y 

Servicing Costs; Labor ' h/y at 

$/h;Parts or 

Outside Service: 

$/y 

Useful Life: 

y; Charge Rate: 

% of. Cost/y; 

Capital Cost: 

. $/y 



4.1 Subtotal Equipment Cost: 


65.24 $/ h 


$/ 


$/ 


65.24 . $1^. 



Process No. 




4.2 Facilities: 

4.2_lXype: Machine area 

Charge Rate: 179 . 13* 


Form 8 
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Heating 
Air Cond’g 
Lighting 


_ Type: 

Charge Rate: 

Heating 

Air Cond ’ g 

Lighting 


4.2_ Type; 

Charge Rate: 

Heating 

Air Cond’g 

Lighting 


Floor Area; 
$/(m^*y); 


m ; Throughput ; 
Maintenance Costs: 


. 1.70 3 X 10® 


Energy Use: 
/y at 

/y at 

Jy at 


• 

$/ 

• n 
1 

$/ 

1 

$/ 

1 

f 


Energy Use: 
/y at _ 

/y at _ 

/y at _ 


Energy Use: 
/y at _ 

/y at _ 

!y at 


Includes energy use 


Labor; 


h/y at 


Supplies : 

Outside Services: 


Total Cost: 16,660 


Floor Area: 


_$/ (m -y); 


m ; Throughput: 

Maintenance Costs: 


Labor : 


h/y at 


Supplies : 


Floor Area: 

_$/ (m^-y) ; 


^ Outside Services: 

Total Cost 


: m ; Throughput : 

j Maintenance Costs: 

I Labor: h/y at 

I Supplies: 

L Outside Services; 

(IiJi* '>'11 m 4S^ 

Total Cost 


.2 Subtotal Facilities: . 


4.3 Equipment and Facilities Subtotal : 


2.01 ^;/h 


2.01 $/ 


67.25 $/ h 
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6.3 Liquid Byproducts/Wastes (organic) 


Revision Il/7 Bate 8/78 


Carry from Form 10 


6.3_ Type (Composition): 
Density; 


_g/cm ; Toxicity 


Quantity Produced 
mg/1; BOD:^ 


Ignition Point: 


G; Explosive Mixture in Air: 7o to . % ; Other Remarks: 


_mg/l 


Type of Disposal; 

Input Material for: 


Cost (Credit) 


Cost : 


6.4 Fumes, Gaseous Byproducts/Wastes 

6.4_1 Type (Composition) : gas fumes 

Energy Content (Combustion) : 


_Quantity Produced; 5334 f1^ niin 
; Explosive Mixture in Air % to 7>. 


Ignition Point: 
Toxicity 


^C; Aerosol f t Precipitates in 
Requires Scrubbing a T 


minutes 


'Type of Scrubber 


(enter scrubber under 4..1, 4.2, scrubber effluent under 6.1 to 6.3) 

Other remarks; Contains phosphine, phosphorous^ , 

nitrogen and phosphorous pentoxide 


Type of Disposal; ' Scrubbed and vented in air 

Operating Costs: , 700 


$/ y 


Cost: 0.0 85 h^ 


6. Subtotal: Byproduct/Waste Disposal. Cost : 
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5. Salvaged Material (Work- in-process) 


5.1 Quantity of Work-in-Process 1. Contained in Good Output 
Work-in-Process (per Computation Unit) 

5.21 Input Work- in-process 1. Not Contained in Good Output 
Work-in-Process (“Amount Required" from 1.1 minus 5.1) 


5-. 2 2 


5.23 

5.24 

5.25 


Net Amount of 5.21 which is sold for Credit As-Is or 
After Applying Re-Process 

Credit for 5.22 at the Market Value of 

Cost of Reprocessing Material of 5.22 
at the Average Reprocessing Cost of . $/ 

Net Credit for 5.22 (5.23 minus 5.24); 




,179.36 / h 

0.18 / h 

^ J 

$/ 

^$/ 


$/ 


5.26 Material of Type 1. Lost in Process (5.21 minus 5.22) 


0.18 


/ h 


5-3 Cost of Work-in-Process Not Contained in Good Output Work-in-Process 
(Amount 5.21 Times Unit Cost 1.1) 

5.4 Cost of Work-in-Process Contained in Good Output Work-in-Process 
(Amount 5.1 Times Unit Cost from 1.3) 

Salvaged Materials Suiranary: 


7,. 40 $/ 


7391.42 $/ 


5.8 


Total Net Credits for All. Salvaged Materials (5.25 + 5.67 + 5.76) 
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7. Process Cost Computation 


7.11 Manufacturing Add-On Costs (sum of 2.7, 3.5, 4.3, 6.) 


7.21 Total Operating Add-on Costs of Process; 

7.22 G & A % of 7.21 


7.31 Total Gross Add-On Cost of Process 

7.32 Credit for Salvaged Material (5.8) 

7.33 Cost of Work-in-Process Lost (5.3) 


7.34 Specific Add-On Cost of Process (7.31 + 7. 33) -(7. 32) 

7.35 Cost of Input Work-in-Process Contained in Good 
Output Work-in-Process (5.4) 


7 . 36 Loading on Item 7.35 at Rate 


% 


7.37 Cost of Output Work-in-Process (7.34 + 7.35 + 7.36) 


7.41 Theoretical Yield (or Conversion Rate, if output units of ‘ 

work- in-process do not equal input units) 17 9 » 5 4 


m 


7.42 Practical Yield 

7.43 Effective Yield (7.41 x 7.42) 

7.44 Number of Units of Good Output Work-in-Process per 
Computation Unit Used up to 7.35 


179.36 


/ h 


99.9% 


126.43 $ / ^ 


4.07 $/ h 


m— q 

i?n._sn $/ h 
$/ 


7.40 $/ h 


137.90 $/ h 


7391.42 $ / h 
$/ 


7529.32$/ h 


m^/h 


/ 


7.51 Cost of Unit of Good Output Work-in- 
Process (7.37 V 7.44) 

7.52 .specific Add-On Cost per Unit of Good 
Output Work-in-Process (7.34 t 7.44) 


_41_.9 8_$/_J[V 
0.77 


_$/ 
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8,2 Alternate 2 (SAMICS Methodology): 

8.21 Profit Computation; 

0,9274* 65,24 h ^from Subtotal 

1.946* 01 $/ ^ from Subtotal 4.2 = 

Subtotal 

8.22 Costs of Amortization of the One-Time Cost; 


from Subtotal 4.1 = ^ 0 * 

3 91 

^ -t /. O 


= 67.41 $/ h 


0.192* 

41.25 


h 

from 

Subto tal 

2.7 = 


h 

0.192* 

17.84 


h 

from 

Subtotal 

3.5 = 3.43 


h 

0.2958*_ 

65.24 


h 

from 

Subtotal 

4.1 - 19.30 


h 

2.77* 

2.01 


h 

from 

Subtotal 

4.2= 5.57 


h 





m 

Subto tal 

= 36.22 


_h 


8.23 Total Net Cost of Equity (8.21 + 8.22); 

8.24 Profit and Amortization of Start-up Costs per Unit of Good Output 

Work-in-Process; 2 

(Divide Subtotal 8.23 by 179 .36 m / h ^from 7,44) 


0.58 $/ 


8.25 Price of Process (7.52 + 8.24) 

8.26 Price of Work-in-Process (7.51 + 8.24) 
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0. Output Specification; 

Name of item: Phosphorus implanted wafers 

Dimensions : 10-cm diameter ^ 

Material: hic^ purity silicson 

Other Specifications ;_pop^t: cong^toation is, 1.x J.0^ cm Inplant Tfyer is-agpTOxinafcel^y-Q . 1 xyi-deep-; 


Process No 
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— 

— 

Ll 

_d 




